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PLASTIC CHEMISTS need man 
time-saving Baker Analyzed’ RZ4GENT. 


=-with low indexes of impurities 


There are many types of plastics, including transparent en- tremely high in purity. All are high precision working to 
closures for military aircraft, and plastic chemists require 
many different laboratory chemicals. But they all have one 
need in common: the need to save valuable time. 


Order your supply of ‘Baker Analyzed’ Reagents from yo 
favorite laboratory supply house. Your nearby Baker di 
utor will give you quick, efficient service. 

That's why they choose ‘Baker Analyzed’ Reagent laboratory 

chemicals with the actual lot analysis on the label. For when J. T. Baker Chemical Co. 

purity is defined to the decimal, it helps speed up calculations Executive Offices and Plant, Phillipsburg, N. J. 
with accuracy—saves time. 


Featured is ‘Baker Analyzed’ Hydrochlorie Acid, of interest 
to all plastic chemists. Clean, uniform, and water-white, it is 
low in sulfate, iron, and heavy metals. It is packaged to save 
time—and to safeguard your work. A screw-type cap provides Acetic Acid Potassium lodide 
a true acid-tite seal. For easy identification, the colored cap Benzene Silver Nitrate 

matches the correspondingly-colored band on the label. Nitric Acid Sodium Peroxide 


Listed at the right you will find other ‘Baker Analyzed’ Re- Potassium Bromide Sodium Thiosulfate 
agents widely used by plastic chemists. Each Reagent is ex- 


Other ‘Baker Analyzed’ Reagents 
of help to Plastic Chemists 


Baker Baker Chemicals 


REAGENT FINE + INDUSTRIAL 
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VON CZOERNIG-ALBER 


SEMIMICRO COMBUSTION FURNACE 


ELECTRIC HEATING, FOR TEMPERATURES UP TO 750°C. 


SEMIMICRO COMBUSTION FURNACE, Electric, von Czoernig-Alber, A.H.T. Co. Specification, 


complete with Sample Heater, for temperatures up to 750°C. For use with combustion tubes up to 16 
mm outside diameter. For elementary quantitative organic semimicro analysis, including determina- 
tions for carbon and hydrogen, nitrogen by the Dumas method’ halogens and sulfur by the catalytic 


procedure. 


Provides uniform and constant temperatures 
within the ranges required for many types of semi- 
micro tests simply by changing the position of the 
tube in the furnace, but the use of transformer or 
rheostat is suggested for critical work or when the 
temperature must be changed gradually. 


The outside dimensions of the furnace body are 
8 inches long X 3 inches deep X 2!'/1¢ inches high, 
with chamber 8 inches long X 1'/, inches deep 
xX */, inch high. The hinged front is of transite 
and can be raised with unprotected fingers by wire 
handle. Mounted on an adjustable stand with 


leveling screws and adjustment for centering and 
clamping combustion tubes. Furnace body can 
be moved laterally, either to right or left, on 
tracks 18 inches long; also moved forward or 
backward for approximately 2 inches. 


Sample Heater is of the hinged front type. 
Heating chamber is 4'/, inches long X 1'/, inches 
deep X */, inch high. Furnished with heat de- 
flector; and Type 116 Variable Transformer to 
maintain the input at maximum safe operating 
voltage of 80 volts; power consumption 300 
watts. 


5682-L. Furnace, Semimicro Combustion, von Czoernig-Alber, Electric, with Hinged Front Sample Heater, A.H.T. Co. 
Specification, on adjustable stand, as above described. For use with semimicro tubes up to 16 mm outside 
diameter. Complete with two Variable Transformers, Type 116, two heat deflectors, two connecting cords with 
plugs and snap switch, and directions for use. 


5682-N Ditto, Furnace only, without Sample Heater or Transformers. Complete with heat deflector, 5 ft. of cord with 


For 115 volts, 50 or 60 cycles, a.c., only; total power consumption 


240.45 


snap switch, plugs and directions for use. For 115 volts, a.c. or d.c. Power consumption 700 watts. .119.45 


NOTE—Two types of Furnace Drive are available for use with above Furnaces. 


Information sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


Teletype Services: 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 
Western Union WUX and Bell System PH-72 
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Ready for your Fall classes. 
INORGANIC CHEMISTRY 


An Advanced Textbook 


By THERALD MOELLER, University of Illinois. The outgrowth of one-semester lecture 
course in advanced organic chemistry, this volume brings together those selected por- 
tions of the available information which are essential to a comprehensive understanding 
of existing problems and current investigations in the field. Striking a balance between 
theoretical and descriptive approaches, the author deals not only with the chemical ele. 
ments and their compounds, but with atomic structures, valency and the chemical bond, 
color, oxidation-reduction phenomena, acid-base phenomena, and measurements of a 


number of types. Ready in September. 
PRINCIPLES OF GEOCHEMISTRY 


By Brian Mason, Indiana University. Sum- 
marizes the significant facts and ideas concerning 
the chemistry of the earth, and synthesizes these 
data into a coherent account of the earth’s 
physical and chemical evolution. The author 
stresses the interrelation between geology, 
chemistry, physics, astronomy, and _ biology. 
April, 1952. 276 pages. $5.00. 


SYMPOSIUM on RADIOBIOLOGY 


The Basic Aspects of Radiation Effects on Living Systems 

Edited by James J. Nicxson, M.D., Cornell 
University School of Medicine. ‘Twenty-six contrib- 
uting specialists describe recent advances and 
summarize the state of knowledge in the chemi- 
cal effects of radiation. The book reports the 
papers and discussions of the Oberlin Symposium 
on Radiobiology, sponsored by the NRC, 
assisted by the AEC and the NRC. May, 7952. 
465 pages. $7.50. 


ULTRAVIOLET RADIATION 


By Lewis R. Kou.er, General Electric Research 
Laboratory. Designed to help the reader to 
understand the quantity and quality of the radiation 
from any given source, such as an arc, an incandes- 
cent lamp, or the sun. June, 1952. 270 pages. 
$6.50. 


ACIDS and BASES 

By R. P. Bett, Fellow of Balliol College, Ox- 
ford. A brief, unified account of some of the 
applications of acids and bases in chemical 
problems. The author emphasizes the quantita- 
tive aspects of acid-base behavior, discussing 
the Bronsted Theory in detail. A Methuen 
Monograph in Chemistry. 1952. 90 pages. $1.50 


Approx. 918 pages. 


Prob. $10.00. 


IMPERFECTIONS in NEARLY PERFECT 
CRYSTALS 


Edited by SHock ey, Bell Telephone 
Laboratories. An organized record of the timely 
review of the status of knowledge of crystal im- 
perfections, resulting from a symposium spon- 
sored by the National Research Council at 
Pocono Manor, Pennsylvania. The unique 
authorship includes many of the leaders in 
fields where the structure of crystals is of im- 
portance. May 1952. 490 pages. $7.50. 


COLOR IN BUSINESS, SCIENCE, 
AND INDUSTRY 


By Deane B. Jupp, National Bureau of Stand- 
ards. Stressing the tridimensional approach to 
color, Dr. Judd gives a clear picture of basic 
color phenomena, and then goes on to important 
applications such as the color reproduction of 
pictures, an analysis of the various methods of 
color measurement, color standards, color lan- 
guages, color difference, color tolerance, and 
color layers. April, 1952. 401 pages. $6.50. 


THEORETICAL NUCLEAR PHYSICS 


By Joun M. Bratt, University of Illinois, and 
Victor F. Wetsskopr, Massachusetts Institute of 
Technology. Covers the theory of nuclear con- 
stitution and of nuclear transformations, with 
emphasis on the interrelation between theory 
and experiment. By keeping higher mathe- 
matics to a minimum consistent with accuracy, 
and by avoiding complicated symbolism where 
possible, the authors have made their book 
suitable for the advanced student at the post 
quantum mechanics level. Ready this Fall. 
Approx. 864 pages. $12.50. 


Send now for copies on-approval 


JOHN WILEY & SONS, Inc. 


440 Fourth Avenue., 
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% Completely air-tight 
and moisture-proof! 


Here’s the answer to your need for a desic- 
cating cabinet that is durable, air-tight and 
moisture-proof, and adaptable to many 
applications. Built for convenient use, this 
attractive cabinet will serve well in the met- 
allurgical, chemical, or clinical laboratory. 
It incorporates many useful features: 


1. Specially designed warp-proof, air-tight door which is gasketed 


with a pure gum rubber seal. 


2. Needle valve to relieve pressure. 


3. Large capacity. 


4. 18-8 stainless steel throughout. 


5. %6’” glass windows which are tightly cemented to the frame. 


6. Adjustable asbestos shelves. 


This cabinet may be used for cooling ignition 
samples, or for storing metallurgical samples, 
and it is also ideal for storing dissecting in- 
struments and other types of surgical instru- 
ments. The shelving consists of two asbestos 
shelves, 8’’ x 934’’, each with twelve 7%” holes, 
and one removable stainless steel tray, 
8” x 9” x 5%”, to hold approximately one 
pound of desiccant. Also included are three 


sets of removable shelf brackets with runners 
adjustable every 14’’. Pressed feet on the bot- 
tom of the cabinet and corresponding indenta- 
tions on top facilitate stacking and storing so 
that several of these cabinets may be kept ina 
relatively small space. Inside measurements 
are: height, 12’; width, 1114’; depth, 10”. 
Outside measurements are: height, 1214’’; 
width, 1214”; depth, 1214”. 


H-18877—Stainless Steel Desiccating Cabinet. Each $67.50 


Quantity prices on request. Price subject to change without notice. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL co. 
CLEVELAND 6, OHIO 
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Burners That Cut Work Time! 


@ ECONOMICAL @ SILENT @ WIDE FLAME 
RANGE @ FOOT PEDAL OPERATION AVAILABLE 


Haak Model E 


The Haak Model E glassblowing burner has been designed 
by a glassblower to meet the requirements of both professional 
and amateur glassblowers equally well. 

The professional glassblower will be interested in the wide 
range of flames which this burner produces, from a fine needle 
point flame to a large, bushy annealing flame. The tempera- 
tures produced will permit handling of ‘“Vycor” brand glass 
and quartz tubing to 35 mm diameter without the use of hy- 

en. For extra fine work an interchangeable tip may be 
used, but for tubing from 3 mm to 100 mm no tip changing is 
necessary. 

The amateur glassblower will be especially pleased with the 
foot al operation possible with this burner. This leaves 
both hands free to maintain complete contro] over the plastic 
glass. This has proved to be a great help to the professional 
glassblower as well, for it speeds up his production. The ease 
with which the various flames can be produced is also a great 
help to the beginner. 

ommercial glassblowing concerns are interested in the 
economy feature of the burner, for it uses oxygen at a maxi- 
mum pressure of 5 Ibs. In general, gas pressures must be re- 
duced, rather than boosted by pumps as is necessary with 
other types of burners. The Haak Model E burner operates 
at a pressure of 6 inches of water. 

Silent operation is a great asset to all glassblowers. This 
burner is silent over most of its range. 

The burner is of brass construction, and is actually two 
concentric burners. It is operated by two specially designed 
brass valves. The valves are mounted directly on the gas 
and oxygen mains, and may be operated by hand or foot. 
(For foot operation, the 51-20 foot pedal kit is necessary to 
mount the valves.) The burner may be tilted to any angle, 
and the broad cast aluminum base permits side motion without 
danger of tipping the burner. 


) 

| CE-51-19 GLASSBLOWING BURNERS—Complete with valves. .......... Each $77.50 
CE-51-19-B BURNERS ONLY—On base, without Each 41.50 
| CE-51-19C VALVES ONLY—May be used for either gas or oxygen........... Each 18.00 


CE-51-20 FOOT PEDAL KITS—All the parts necessary for mounting under a 
38-inch (minimum) table to adapt the valves for foot pedal operation. The only 26 50 
tool needed for assembly is a screw driver................02ceececceceees Per Set ° 


CE-51-21-A FINE TIPS—Used for tubing and rod under 8 mm diameter......Each 2.50 


Reserve your copy of new LaPine Catalog of Apparatus and Chemi- 
cals now in preparation—please use your company letterhead. 
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WE BELIEVE 
IT’S THE MOST 


ingenious 


You simply squeeze it 
and it squirts! Made of 
flexible Polyethylene, the famous 
Aquet dispenser contains a critically 
sized orifice which equalizes the 
pressure and prevents the liquid 
from being forced out of the bottle 
when temperature of the liquid is 
Taised or atmospheric pressure drops. 

Thus it’s always ready for use. As a dispens- 
ing bottle, it couldn’t be more handy or practi- 
cal. Si.ce polyethylene resists all chemicals, 
including hydrofluoric acid at room tempera- 
tures, it can be used as a dispenser or wash 
bottle for any chemical reagents in the lab- 
oratory. We have even provided space on the 
label for indicating new contents. 


WHAT THE ORIFICE DOES 


The orifice in the side of the inner tube not 
only equalizes the pressure but permits one 
to incorporate small amounts of air in the 
liquid stream by forcefully squeezing the 
bottle. When used as a wash bottle, a gentle 
squeeze will produce a stream without any air. 
To accomplish this, the size of the orifice has 
been critically selected. 


AMAZING SURFACE AGENT 


Contained in the bottle for your immediate 
use is Aquet, the amazing surface agent for 
cleaning laboratory glassware and utensils. 
Aquet cuts grease like a knife and leaves only 
a slight film of water, allowing glassware to 
dry sparkling clean in two minutes. Wiping 
and drying eliminated. 

Aquet is non-ionic and therefore stable in 
the presence of acids and bases. Absolutely 
non-toxic and 100% non-sensitizing to the skin. 


4 PINT OF AQUET IN POLYETHYLENE DISPENSER BOTTLE 
each 1.75 
per doz. 18.00 


REFILLS IN GLASS ONE GALLON BOTTLES per gal. 3.50 
5 gallons 15.00 


ling 

Patent Pending 
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LIGHT ON THE VERSENES* 


“‘Versene”’ is the registered trade mark of certain 
synthetically prepared polyamino acids and their 
salts. The Versenes form soluble non-ionic che- 
lates with polyvalent metallic ions and completely 
change their properties so that they can no longer 
react with other materials and be precipitated 
from solution by common precipitating agents. 


THERE ARE SEVEN 


VERSENE REGULAR (the original Versene) 
inactivates all metallic ions but is not particularly 
effective for complexing iron in alkaline solutions. 
(liquid or powder) 


VERSENE Fe; SPECIFIC is the most powerful 
complexing agent known for iron in the normal 
PH range. It also chelates copper, nickel, cobalt 
and zinc. (47 % solution) 


VERSENE Fe; is a combination of VERSENE 
and VERSENE Fe; SPECIFIC It complexes 
—. and other metallic ions. (Powder or 
qui 


VERSENE-T complexes ferric and divalent 
metal ions including hard water salts in any 
caustic solution. (55.5% solution) 


*Trade Mark Registered 


DI-SODIUM VERSENATE DI-HYDRATE 
(dry powder) an Analytical Reagent grade of 
Versene Regular for research and analytical pur- 


(A) VERSENATE INDICATOR (alcohol sol- 
ution) Color indicator for Versenate meth- 
od of water analysis. 


CALCIUM DI-SODIUM VERSENATE (25% 
solution) Chemically Pure grade material for use 
as stabilizers in drugs, vitamins, pharmaceuticals. 


LEAD DI-SODIUM VERSENATE (34% solu- 
tion) Preformed complex for use in viny] plastics. 


The Versenes give you mole-for-mole control over 
cations in solution They are made only by the 
Bersworth Chemical Company under processes 
originated, developed and patented by F. C. 
Bersworth Quality-control over manufacture is so 
high that uniform complexing power is guaranteed. 


VERSENES*-MADE FOR YOU 


Gladly will we share with you our quarter-century 
of experience in pioneering the polyamines. 
Samples for experiment will be provided on re- 
uest and without obligation. Ask for Technical 
ulletin #2. Chemical Counsel available. Write 
Dept. L. 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 
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Principles of Chemistry. Gth Edn. 
by Joel H. Hildebrand and Richard E. Powell 


With a number of changes designed to improve style and clarity and to bring within 
the view of freshmen certain of the advances which make chemistry a far from static 
subject, this revision maintains the high standard set by its predecessors. Exten- 
sive changes are made in the chapters dealing with the structure of matter, the 
properties of the atom and chemical binding. The book presents chemistry with 
methods evolved through collaboration of the senior members of the chemistry de- 
partment at the University of California, Berkeley, in the teaching of the beginning 
course. Published in June 


Available bound with REFERENCE Book or [INORGANIC CHEMIsTRY, 3rd Edn. 


Reference Book of Inorganic 
Chemistry. Edn. 


by Wendell M. Latimer and Joel H. Hildebrand 


A convenient reference volume containing up-to-date descriptive facts and data on 
most problems that the chemist will encounter in organic chemistry, this edition in- 
cludes explanations of oxidation potentials, equilibrium constants, and free energies 
in the discussions of molecular structure and thermodynamics. It contains oxida- 
tion reduction potential diagrams for nearly every element, and tables of nuclear 
properties include all new isotopes. New chapters cover transuranium elements 
and nuclear chemistry. $5.00 


Available bound with PrincipLes or Cuemistry, 6th Edn. 


The Chemistry of Organic 
Compounds, 4th Edn. 


by James B. Conant and A. H. Blatt 


Completely new material on the mechanisms of organic reactions and the directions 
which the reactions take is a major feature of the fourth edition. Here is what the 
authors say about their treatment of reaction mechanisms in the Preface: “We 
have included discussions of important general types of mechanisms in connection 
with a limited number of examples of each type. We have not discussed any large 
number of reactions from the standpoint of mechanism because our experience has 
shown that this is better done in an advanced course after the student has become 
familiar with the reactions. ..We have tried to make clear the distinction between 
the mechanism by which a reaction takes place and the interpretation of the direc- 
tion which the reaction follows. .”’ $5.90 


Laboratory Manual for 
Introductory Chemistry 


by Lillian Hoagland Meyer 


Users of Professor Meyer’s Introductory Chemistry—with its orientation toward 
home economics and applied science—have requested this manual. It follows the 
chapter organization of the text and provides material for the laboratory course 
slanted toward home economics. Coming this summer. 


“The Macmillan Company « New York, 1. F. 
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what does ALCONOX 
for you? 


Works equally well in hard or 


Cleans and brightens laboratory 
soft water. 


glassware, surgical instruments, 
porcelain and metal equipment! 


Produces abundant lather with- 
Eliminates tedious scrubbing and out forming insoluble calcium 
loss of time! films. 


Saves time and energy! Simply 
wash and rinse. Towelling is 
practically unnecessary. 


It’s non-poisonous, odorless and 
non-irritating to skin and tissues. 


It works 15% to 21% faster on Does not etch fine laboratory 
laboratory glassware, instru- glass. 

ments, equipment, metalware, 
machinery, tools, silverware, etc. 


IT’S ECONOMICAL ...A 


SPOONFUL MAKES A WHOLE 


glass joints. Wonderful for stop- . 


pers and stopcocks! 
Recognized and accepted for over 
It’s a blood solvent! Removes twelve years, by leading hospitals, 


dried blood and fat from glass. clinics, laboratories, institutions 
and factories. 


It’s a powerful wetting agent! 


It’s based on an entirely new 
principle of detergent action. 


GIVE YOUR TOUGHEST 
CLEANING JOBS TO 


BOX OF 3 LBS ° BAG OF 50 LBS........ -40 per Ib. 
CARTON (12 Boxes of 3 lbs. 18.00) BARREL OF 300 LBS... .37 per lb. 


TANDARD SCIENTIFIC SUPPLY CORP. 
4 West 4th Street 2 New York 12, N. Y. 


| 
( 
2 
e : 
| 
13 
5 | 
6 
j 
| 
ALCONOX 
| 
= 
‘Y, 1952) Please mention CHEMICAL EDUCATION when writing to advertisers ll 


Complete information about 
Lab-Jack including specifi- 
cations and prices, will be 
found in our Circular No. 
1213. Write for your copy 
today ... no obligation. 


Want to simplify your precision set-ups 
. . . prevent breakage of glassware . . . save 
valuable research time? 


The new Cenco-Lerner Lab-Jack is an all-purpose, general utility 
support that is quickly adjustable through an elevation range of 
about 7 inches. Its smooth, fast operation makes it particularly useful 
in isotope research where precision set-ups are required and it offers 
worthwhile advantages when used for supporting hot plates, oil baths, 
large Dewar flasks, ground-joint glassware, receivers, etc. 


The Lab-Jack is made of stainless steel and aluminum with large 
plastics control knob. Top plate is 514” x 434”. Included also is a 
support rod and an 8” x 8” auxiliary top plate for use when a larger 
area is required. 

Make a note now to include No. 19089 Lab-Jack on your next order. 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD e CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


tater Conpenr © Houston 
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POLAR 


OGRAPH 


Trademark Reg. U.S. Pat. Off. 


E. H. Sargent & Co., the manu- 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, through a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


SARGENT 


Tia 


facturer of Polarographs, offers 
three different Polarographs— 
the Model XXI Visible Chart 
Recording; the Model XII 
Photographic Recording, and 
the Model III Manual. 

The Model III Polarograph 
may be used in any phase of 
polarography, but it is partic- 
ularly recommended for appli- 
cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm. 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Each 
graduation is extended 15 mm. at left for zero adjustment. 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is by 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sensi- 
tivity coefficient of galvanometer. To adjust galvanometer 
sensitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 

Another potentiometer incorporating a power switch 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum base 
and enclosed in a sheet metal housing provided with a 
hinged top and finished in black enamel. All controls are 
mounted on a polished aluminum panel. 
$-29290 POLAROGRAPH—Manual, Indicating, Model 
III, Sargent. Complete with three No. S-30858 dry cells, 
one No. S-29304-A galvanometer lamp, one set No. P.N. 
1995 cell lead wires, one No. P.N. 2067 calibrating 
resistor plug, 250,000 ohm, and cord and plug for con- 
nection to standard outlets. For operation from 115 volt 
50 or 60 cycle circuits......... ...$390.00 


100th 


E. H. SARGENT & CO. 
1852-1952 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


Y, 19328 Please mention CHEMICAL EDUCATION when writing to advertisers 13 


Sas 
: 
SARGENT 
MANUAL POLAROGRAPH — 
ow 
\ 
y 
IS 
ie 
| 
; 


PYREX® BRAND 
LABORATORY 
GLASSWARE 


TEST TUBES 

Well annealed, with uniform, 
subsfantial walls to insure 
against breakage. Heat re- 
sistant and chemically stable. 
Proved fo be most economi- 
cal in tests run in 50 high 
schools. 


(T'S SAFER! 


In school laboratories, where safety is of primary 
importance, you'll find it pays to use PYREX brand 
Laboratory Glassware. It’s built to withstand tough, 
day-to-day use by inexperienced hands. 

The low coefficient of expansion of PYREX brand 
glass No. 7740 permits heavy, rugged construction, 
providing greater mechanical strength and increased 
protection against thermal shock. Exceptionally resist- 
ant to corrosion and chemically stable, it remains un- 
affected by virtually all acids and most alkalies. Thus, 
you are assured of the maximum in safety and utility— 
the minimum in replacement costs. 

Your laboratory supplies dealer carries complete 
stocks of PYREX brand Laboratory Glassware. Con- 
sult him today. 


BEAKERS 

Ruggedly built for long, 
tough service. Supplied in 
sizes and weights found 
most practical for all general 
laboratory work. 


WATCH GLASSES 
Pressed instead of blown 
construction for maximum 
strength. High chemical re 
sistance prevents contamina- 
tion of solutions during boil- 
ing operations. 


CORNING GLASS WORKS, CORNING, N. Y. 


VISIT THE NEW CORNING GLASS CENTER @ 
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Merck Packaging Stresses 
Safety and 


Convenience 


MERCK 


Reagent 
CARBONATE 
MERCK 


HWY 


Ree Is lower and lighter with sloping shoul- 

found ders to facilitate removal of contents. 
general 

FIBER DRUM WITH PLASTIC BAG LINER 

Maintains purity of chemicals, pro- 

tects against moisture and, by reducing 

weight, lowers shipping charges. 
blown 
aximum 
ita mina- 
ng boil- 


WIDE-MOUTH, SCREW-CAP AMBERLITE BOTTLE 


Merck Laboratory Chemicals 


PRECISION TOOLS FOR ACCURATE ANALYSIS 


POLYTHENE BOTTLE WITH POUR-SPOUT 
Affords reliable storage and convenient, safe 
dispensing for Acid Hydrofluoric Merck. 


VINYLITE SAFETY-VALVE CAP 
Permits safe packaging of Superoxol 
(Hydrogen Peroxide 30 per cent) by 
preventing excessive pressure build-up. 


Research and Production 


for Chemical Progress 


) 
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MERCK & CO., INC. 
Manufacturing Chemists 
RAHWAY, NEW JERSEY 
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in Canada: MERCK & CO. Limited —Montreal 


by 
Li Ch’iao-p’ing 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


If you are a lover of beautiful books—and 
a chemist besides—you’ll want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


Included in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
leather and glue, soybean products, al- 
coholic beverages and vinegar ... plus an 
appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 
and measures. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 


Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of The Chemical 
Arts of Old China, and to your reading 
pleasure. 


229 pp. $5.00 (postage prepaid) 


($5.50) Foreign 


> 


2077 NorTHAMPTON St. 


Add this beautifully illustrated book to your chemistry library; 


The CHEMICAL ARTS 
OLD CHINA 


Order your copy today from 


CHEMICAL EDUCATION PUBLICATIONS 


Sweeping the salted ash im 
to heaps after the sea wale 
has evaporated. 


Working the drainers for 
the preparation of concen- 
trated brine. 


Final crystallization off 


Easton, Pa. 
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ANALYTICAL REAGENT 


7581 


1 LB. 


MONTREAL PHILADELPHIA 


Through 85 vears of manufacturing, Mallinckrodt has built a reputation for unsur- 
passed “know-how” in the production of fine chemicals. Mallinckrodt draws on this 


extensive accumulated experience in the production of its A. R.’s.° 


Strict laboratory controls guarantee dependable purity. All Mallinckrodt A. R.’s 
must conform to predetermined standards. Mallinckrodt chemists have cooperated 
closely with the Committee of Reagents of the A.C.S. in the development of 
reagent specifications. Better methods of quality control are continually being 
devised by Mallinckrodt analytical chemists. 


Research on Analytical Reagents is a permanent part of the Mallinckrodt program, 
developing new and improving old products to meet the specific needs of reagent 
users. Mallinckrodt continually produces A.R.’s and other fine chemicals to high 
purity standards, batch after batch, year after year. 


Proper packaging of reagents is essential to preserve their initial purity. Mallin- 
ckrodt considers packaging research of high importance, and has constantly im- 


proved the packaging of its A. R.’s. 


Mallinckrodt’s extensive manufacturing facilities assure complete stocks for prompt 
delivery. Equally important, Mallinckrodt A. R. distributors, more than 65 of them 
in every part of the country, can make immediate delivery from stock. 


MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt St., St. Louis 7, Mo. + 72 Gold St., New York 8, N. Y. 


Chicago + Cincinnati * Cleveland + Los Angeles * Montreal « Philadelphia * San Francisco 
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HAZE liquids 
can work for you! 


NEW USES 
FOR AN OLD | 
NUISANCE 


Haze measurements give quick and precise evaluations of filter 
efficiency, show which filters are most effective for your process, 
when they should be cleaned or replaced. In the production 
of whiskey, beer, wine, and other beverages, where clarity is 
important, Nephelometry* has become a vital tool of product 
control and cost reduction for the country’s largest producers. 


PRODUCT 
CLARITY 


il 


By measuring haze, bacteriologists can accurately follow even 
the very early stages of bacterial growth in liquid media, 
evaluate the effects of nutrients or inhibitors, quickly detect 
contamination in sealed ampules. Leptospira, Actinomyces 
Bovis, Tubercle Bacilli, Staphylococcus Aureus, E. Coli and many 
other organisms are being studied successfully with great 
savings in time, and with increased precision. 


Utility Companies and other operators of high-pressure boiler 
a systems monitor the effectiveness of feed water pretreatment, 
een CHEMICAL ___ hold Calcium content below 0.2 ppm by Nephelometry*. Dairy 
Producers measure butter-fat in Cottage Cheese; Pharma- 
ANALYSIS ceutical makers measure the clarity of vitamins and antibiotic 
suspensions. 


Nephelometry can work for you, to improve your product, sharpen 
process control, reduce operating costs. Ask for information about 
Coleman Photo-Nephelometers, and the Coleman Nephelos System. 


*Nephelometry; from the Greek “Nephelo” (Cloud). The measurement of haze or cloudiness in fluids 


Nepho-Colorimeter 
AND 
Bulletin B-215 
HE 


COLEMAN INSTRUMENTS. MAYwood, ILLINOIS 
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Widely Used 


Motrite UNIT” Hot Plates are available in seven standard 
sizes, all equipped with three heat switches for temperatures to 
750° F. Special sizes can be made to meet your particular requirements. 
Because of the uniform distribution of the heating elements, 
there is an even temperature over the entire top surface. The 

heating units are readily replaceable by the user 
resulting in economy of maintenance. For complete details, 


SEE YOUR LABORATORY SUPPLY DEALER 
or write for Bulletin HD-835 


HEVI DUTY ELECTRIC COMPANY 
LABORATORY FURNACES MULTIPLE UNIT 


REG. PAT. OFF. 


ELECTRIC EXCLUSIVELY 


MILWAUKEE 1, WISCONSIN 


Juderton Co 
USE AND CARE OF 


SE CRO 
ANALY TICAL* MICRO * SE MI-MICR 


AINSWORT H BALANCES 


section UNPACKING 
\ Remo’ 


ng from Corton 
ing 

| Setting Up * 

| 3 icro Bolonces 


secrion 


4. Ke 


11, WEIGHING TECHNIQUES 


SECTION ! 
SECTION CARE 


Cleaning 
4 Replacing Ports 


NEW 24 
PAGE MANUAL 


@ Copies of this instructive 
AINSWORTH book are avail- 
able upon request... foruse in 
the School Chemistry or Instru- 
ment courses . . . and in the 
large industrial laboratory. 


@ Complete listing of modern, 
stable AINSWORTH Balances 
is found in our new catalogue 

. soon available . . . and 


in 
@ Ask for it! 
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Why Resistance-thermometer Bridges 
can serve you 


Use of a modified Wheatstone bridge for tempera- 
ture measurements provides several characteristics 
of value in a variety of laboratory procedures. 


One characteristic, of course, is ability to reach 
highest precision; here the equipment is unique and 
becomes a “must”. However, other characteristics 
give the scientist options in other connections. Per- 
haps the sometimes higher cost, the larger size of 
resistance-thermometer units as compared with 
thermocouples and the relative slowness as compared 
with 20-gauge: or finer thermocouples, have obscured 
such advantages as the following: 


Wide Range. A temperature bridge with appropri- 
ate thermometers can cover as much or as little as 
you wish of the temperature range from —258 to 
+660 C ... that is, from below the hydrogen point 
to above the antimony point. Furthermore, the in- 
strument measures actual temperature . . . not tem- 
perature difference as a thermocouple does. This 
combination of values indicates usefulness for routine 
work as well as for secondary and primary standards. 


Readability. The reading device for a bridge 
measurement moves several times further per degree 
C than. is the- case with other instruments. For ex- 
ample, with a Mueller Bridge the galvanometer spot 
moves 2 mm per 0.001° C; whereas with a thermo- 
couple and a White or Wenner potentiometer the 
spot moves. 0.7 mm, and a Beckmann differential 
thermometer’s mercury column moves only 0.1 mm 
per 0.001° C. Other instruments of the three classes 


may show larger motions, but differences will be of 
the same order. Thus, the bridge method has out- 
standing advantages in readability. 

“Average” Readings Supplied. The sensitive por- 
tion of a resistance thermometer is about as large as 
a mercury thermometer’s bulb, whereas the sensitive 
area of a thermocouple is perhaps 1 or 2 mm sq. The 
resistance unit thus averages the temperature of an 
appreciable area, reducing the effect of non-uniform- 
ity in ambient fluid. 

Sturdiness. Industrial-type resistance thermometers 
(Thermohms) are as sturdy as thermocouples and 
are installed in the same way. Among laboratory- 
type equipments, the most fragile resistance unit 
stands up quite definitely better than mercury bulbs 
under the small shocks and impacts which even the 
most careful user will impose. Furthermore, a broken 
or damaged resistance unit’s case can often be re- 
placed or repaired. These very practical advantages 
lead many scientists and test engineers to use the 
bridge method. 


Remote Reading. Bridge instruments are inher- 
ently remote-reading; there is no need to consider 
accessibility, lighting, etc., of the primary element. 
This advantage is a real one, even when making 
small set-ups of equipment. On large or intricate 
set-ups, where vessels may be at various levels, and 
protection from light, body heat, etc., are possible 
additional factors, bridge measurements are often 
the only practical method. 


Principal Characteristics of L&N Temperature Bridges 


Instrument 


Arrangement of Ratio Arms & Rheostat | 


Limit of Error 


Type G-2 Mueller Bridge (Ex- 


treme high pr 
ries needed: Precision Resist- 


ance Thermometer; H S Gal- incipal shunted and decade resistors thermostat controlled to 


vanometer 


tio arms, 1000 Q ea., adjustable to equality. Rheostat range | Certification by NBS_ recom 
to 111.111 Q in 0.0001 steps. Three shunted decades giving steps of 0 
1, 0.001 and 0.01 Q; three decades of 0.1, 1 and 10 Q 


resistors. 


vided a recently determined brid 
calibration correction is applied. 


ue G-1 Mueller Bridge (Ex- 
cellent Precision) Accessories 
needed: 


Type G-2 


Two ratio arms, 500 Q each, adjustable to equality. Rheostat range | +0.02% or a few ten thousand 
0 to 81.111 Q in steps of 0.0001 Q. Three shunted decades giving steps | of an oh 

Same as for Mueller of 0.0001, 0.001, 0.01 Q; two decades at end of ratio arms of 0.1 and 
1Q resistors, and binding posts on end of rheostat for connection 
of 0, 10, 20, 25, 25.5, 30, 40, 50, 60 or 70-Q resistors. 


m whichever is greater. 


Resistance-Thermometer 
Bridge (Moderate Precision) 
Accessoriesneeded: Thermohm 
Resistance Thermometer; Gal- 
vanometer 


Two ratio arms, 130 Q nominal. 


Rheostat range 0 to 200.102. Two | +0.005Q up to10Q 
dial decades 9 (1 + 10) Q, and a 100-Q resistor removable by short-cir- | +0.05% above 10Q 
cuiting link, plus adjustable slidewire of 1.1 Q. 


Portable Temperature Bridge 
Accessory needed: Thermohm 
Resistance Thermometer 


This instrument is No. 8063 in portable form; all electrical characteristics are the same. 


Portable Temp. Indicator Ac- 
cessory needed: Thermohm Re- 


As specified, for type of Thermohm specified 


+0.3% of range 


Portable Temp-Difference In- 
dicator. Accessories needed: 0 to 20 F temperature difference for any specified 
Matched pair Thermohm Re- 20 F interval between the limits of 0 and 200 F 


For further particulars of any of the above equip- 
ments address our nearest office or 4976 Stenton Ave., 
Philadelphia 44, Pa. 


NORTHRUP 


Jri Ad EF 


LEEDS 
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GAUGES 


McLeod Vacuum Gauge 
High Vacuum Type 


Tubes can be readily cleaned by direct mechanical opera- 
tion where necessary, due to the unique construction of 
large openings directly in line with the capillary tubes. 


Scale range 30 microns—Smallest calibration .005 micron. 


Direct reading logarithmic scale. 
Scales ruled on heavy white celluloid. 


Mounted on an all-metal base. $1 70 00 W: 
Complete as shown, but without mercury—EACH 


Dubrovin Vacuum Gauge : 


Also made from Pyrex brand tubing at the same prices. 


1260 


CHICAGO 10, MUNOIS, U5 
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bec. 

DIRECT READING=ECONOMICAL=—SIMPLE TO USE 

UNIQUE MAGNIFIED SCALE weet 

Carne 

This Gauge is principally a straight glass tube mounted or 

Wi 

on ametal base. The lower half of the tube is filled with hos 

mercury, in which is immersed an indicating float. As ( 

the air is evacuated through the outlet provided in the _ 

upper part of the glass tube, the indicator shows pressure the 

variations directly on the scale. as 

wa) 

tha’ 

his 

1451 C. DUBROVIN GAUGE TYPE A table 1451 G. DUBROVIN GAUGE TYPE A wall _ 

model, 20 mm. range, 6 to 1 scale without model, 20 mm. range, 6 to 1 scale without (; 

mercury Each, $42.00 mercury Each, $42.00 so t 

1451 E. DUBROVIN GAUGE TYPE B table 1451 J. DUBROVIN GAUGE TYPE B wall iT 
model, 20 mm. range, 9 to 1 scale, without model, 20 mm. range, 9 to 1 scale without 
mercury Each, $50.00 mercury Each, $50.00 

No. 1451€ 
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Wane running through an accumulation of material, 
such as piles up on everyone’s desk (I hope), I ran across 
an item, now a year old, which is worth bringing to 
light. The author, Dr. Webster N. Jones, describes 
professional training in chemistry at the Carnegie In- 
stitute of Technology.' I quote from his account: 


The Chemistry Department, working with the other depart- 
ments in the College of Engineering and Science, has gradually 
evolved a plan of professional education—one we are proud of 
because it is working! The aim of professional education at 
Carnegie is to help the student learn to think; and to equip him 
to go on learning after graduation and to grow throughout his life 
in professional and personal stature and in usefulness as a citizen. 
Carnegie does not seek to train students to be professional prac- 
titioners at graduation, but rather to educate them so that they 
will become professional men of full stature. Instruction is there- 
fore planned to help each student acquire the following: 


(1) Thorough and integrated understanding of fundamental 
knowledge and a familiarity with the basic techniques in chem- 
istry and related fields, and ability to use this knowledge and 
these basic techniques. 

(2) Genuine competence in the orderly way of analytical 
thinking which scientists and other professional men have al- 
ways used in reaching sound creative conclusions, to the end 
that after graduation the student can, by such thinking, reach 
his own decisions in his professional work as a chemist and as a 
citizen. 

(3) Ability to learn for himself with scholarly orderliness, 
so that after graduation he will be able to grow in wisdom and 


' The Chemist, 28, 248 (June, 1951). 


keep abreast of the changing knowledge and problems of his 
profession and the society in which he lives. 

(4) The philosophical outlook and breadth of knowledge 
which will enable him to recognize and deal with the human, 
economic, and social problems of his professional work. 


An institution may well be proud of its program if it 
successfully educates its students to become professional 
men. No doubt many institutions aim at this objec- 


tive, consciously or unconsciously. If in this case the 
program actually works, as the author indicates, some- 
one deserves commendation. 

The methods used in accomplishing this are outlined 
in the original and cannot be gone into here, but it will 
be interesting to note the tests which are applied in 
judging the result. The author says: 


If an affirmative answer can be given to the following ques- 
tions about a chemist, he is a man of real professional stature. 

(1) Does he recognize the real nature of the problem with 
which he is confronted, and can he state the problem concisely 
and clearly? 

(2) Does he recognize the whole problem including its hu- 
man, social, and economic elements? 

(3) Can he formulate a plan for the solution of the problem 
and execute the plan? 

(4) Can he exercise judgment concerning the general reason- 
ableness or validity of his solution? 

(5) Has he the will and the capacity to learn from each ex- 
perience? 

(6) Does he accept his responsibilities as a citizen of his 
community and the nation? 
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Aw important general field of current research in 
inorganic chemistry is the study of the preparation 
and characterization of compounds which exhibit 
elements in their less well-known oxidation states. 
Recently (/, 2) the author has surveyed in a qualitative 
manner various aspects of the chemistry of unfamiliar 
oxidation states of well-known elements,! with particu- 
lar emphasis on the stabilization of such states. The 
present communication adapts to the pattern of the 
previous discussions work in this general area which has 
appeared in approximately the past two years. 


ALUMINUM GROUP METALS 


Although the existence of aluminum (I) halides in 
the vapor state has been well-established (3, 4, 4), 
only recently has unequivocal evidence been obtained 
for the formation of lower states of aluminum in liquid 
ammonia solution and in the solid state. An out- 
standing achievement along this line has been the 
preparation of solid aluminum (I) iodide by the use of 
an electrodeless discharge produced in the vapor of the 
triiodide at a temperature below 50° (6).2, Such a 
discharge yields vapors of elementary iodine and a 
solid material on the walls of the main discharge tube. 
Exhaustive extraction of the solid with anhydrous 
benzene, followed by vacuum drying, yields a buff- 
colored substance, the chemical properties and powder 
X-ray diffraction pattern of which are consistent with 
those to be expected of a mixture of metallic aluminum 
and a monoiodide, (AIT),. The empirical composition 
of the best product obtained corresponded to Alj.29I. 
Evidence for the formation of lower oxidation states 
of aluminum in liquid ammonia has come from electro- 
chemical studies. Curves obtained from _potentio- 
metric titrations of liquid ammonia solutions of alu- 
minum (III) iodide with similar solutions of potassium 
show two distinct end points the first corresponding to 
the production of Al (II) and the second to Al (I) (7). 
In the anodic oxidation of aluminum in nitrate media 
in liquid ammonia, the current efficiencies calculated on 


1 Among the topics treated were the low oxidation states of the 
metals of the aluminum group; the superoxides of the alkali 
metals; certain aspects of the chemistry of the positive halogens; 
little-known compounds of copper, silver, chromium, manganese, 
iron, cobalt, and nickel; and the ‘‘anomalous” oxidation states of 
the “rare-earths.” 

2 In this connection it should be pointed out, that calculations 
by F. Irmann (Helv. Chim. Acta, 33, 1449 (1950)) indicate that 
solid aluminum(I) halides are only slightly less stable than the 
common trihalides and should be capable of independent exist- 
ence. 


UNFAMILIAR OXIDATION STATES: RECENT 


JACOB KLEINBERG 
University of Kansas, Lawrence, Kansas 


the assumption of the dissolution of the metal as the 
tripositive cation are considerably greater than 100 
per cent (8). In simple nitrate media, apparent 
initial valence numbers in the neighborhood of 2.7 
are found, with little dependence of this value upon the 
nature of the cation. In nitrate-chloride or nitrate- 
bromide electrolytes, however, considerably lower 
valence numbers are obtained; the value varies in a 
regular manner with the ratio of concentrations of 
nitrate and halide. In mixtures containing about 
two mols of nitrate to one of bromide, a minimum 
valence number of 1.5 is attained: this figure corre- 
sponds, at least formally, to a ratio of three unipositive 
aluminum ions to one tripositive ion. The results 
show no dependence upon anodic current density, nor 
upon total concentration of the solutes, so long as the 
nitrate-halide ratio remains constant. No compound 
of lower valent aluminum could be isolated from the 
product of electrolysis. However, nitrate is reduced 
to elementary nitrogen in quantity equivalent to the 
amount of Al (I) oxidized to Al (III). 

The anodic oxidation of gallium, indium, and thallium 
in a number of electrolytes in liquid ammonia gives 
results which vary widely from element to element, as 
well as from those described above for aluminum (9). 
Gallium is usually oxidized to an initial mean valence 
number between 2 and 3. With ammonium nitrate- 
ammonium bromide mixtures as electrolyte, the valence 
number is a continuous function of the fraction of 
nitrate in the mixed solute, with a minimum value 
of 2.0 at about 17 mol per cent nitrate. It is believed 
that this value may be more plausibly interpreted in 
terms of the hypothesis of an equimolar mixture of 
unipositive and tripositive gallium ions, than as in- 
dicating the existence of Ga (II). The product of 
electrolysis in the case of gallium is fairly stable, ap- 
proximately 90 per cent of the expected reducing power 
remaining in the anolyte. 

With indium as anode, initial valence numbers be 
tween 2 and 3 are obtained. With nitrate-bromide 
mixtures as electrolyte, the valence number does not 
appear to be a simple function of composition. The 
lower valent indium formed by electrolysis in ammo 
nium bromide solution is subject not only to oxidation 
by the electrolyte, but also to rapid disproportionation 
to the free metal and the tripositive ion. 

Anodic oxidation of thallium in ammonia solutions 
of nitrates yields thallium (I) ion exclusively. In 
ammonium bromide or potassium amide solutions the 
anode product contains thallium (III) as well as the uni- 


324 


JUL 
PROGRESS 
stat 
and 
trib 
met 
stab 
tion 
brig 
sodi 
siun 
tion 
supe 
Whe 
rest 
T 
min 
face 
(11) 
othe 
mag 
mea: 
disti 
the | 
tem] 
this 
almc 
expe 
dilut 
The 
is in 
supe 
scrib 
upon 
subst 
tion 
little 
At 
oxide 
alkal 
react 
i 
oxide 


mmo- 
lation 
ation 


JULY, 1952 


positive ion. Both ions are stable throughout electrol- 


ysis. 
SUPEROXIDES AND OZONIDES 


Oxygen exhibits relatively unfamiliar oxidation 
states in superoxides and ozonides, containing O.~ 
and O;~ ions, respectively. Recent studies have con- 
tributed interesting information on such compounds. 

Superoxides. Superoxides of all the common alkali 
metals, except lithium, have been prepared (2), and 
evidence is now available that the latter forms an un- 
stable compound of this type (/0). The rapid oxida- 
tion of lithium in liquid ammonia at —78° yields a 
bright lemon-yellow solution. Measurements of the 
absorption spectra of oxidized solutions of lithium, 
sodium, and potassium show that all are similar and 
exhibit absorption maxima, reasonably close to the 
same wave length, 380 mu. Since sodium and potas- 
sium are known to form superoxides upon rapid oxida- 
tion in liquid ammonia, the similarity of the absorption 
spectra is strongly indicative that lithium forms a 
superoxide which is stable in liquid ammonia at —78°. 
When the solution is permitted to warm up toward 
—33°, the yellow color disappears and cannot be 
restored by cooling. 

The crystal structure of sodium superoxide, as deter- 
mined from powder diffraction patterns, consists of a 
face-centered cubic lattice with a = 5.490 + 0.005 A. 


(11). The O,~ ions, in contrast to the situation with 
other superoxides, show disorderly orientation. The 
bond distance in the O.~ ion is 1.33 + 0.06 A. The 


magnetic susceptibility of sodium superoxide has been 
measured at a number of temperatures (12). A 
distinct maximum in susceptibility occurs at —80°, 
the Bohr magneton number decreasing from 2 at this 
temperature to 0.9 at —196°. It is proposed that 
this variation is due to superoxide anions which are 
almost in contact with each other. 

The heat of formation of potassium superoxide 
(K(s) + O.(g) — KO,(s)) has been calculated from the 
experimental heat of solution of the compound in 
dilute sulfuric acid solution between 21° and 23° (/3). 
The value obtained, AH = —67.9 + 0.1 kg.-cal./mol, 
is in good agreement with that previously reported (14). 

A method for the determination of alkali metal 
superoxide in the presence of peroxide has been’ de- 
scribed (15). The success of the method depends 
upon the fact that treatment of a mixture of such 
substances with an acetic acid-diethyl phthalate solu- 
tion quantitatively converts superoxide to peroxide 
and oxygen: 


little if any decomposition of peroxide occurs. 

Attempts to prepare alkaline earth metal super- 
oxides by treatment of nitrates of these metals with 
alkali metal superoxides in liquid ammonia, although 
unsuccessful, have led to the discovery of an unusual 
reaction (1/6). Barium nitrate and potassium super- 


oxide in formula weight ratios up to 1:4 react to yield 


325 


a tan material which upon analysis is shown to contain 
potassium, barium, superoxide, and peroxide ions in 
ratios corresponding to the composition (2K+, Bat+, 
20.-, O.-—). The stoichiometry of the reaction may 
be represented by the equation 


Ba(NOs)2 + 4KO, K2Ba(O2)202 + 2KNO; + 


Of the various combinations tested, only barium nitrate 
and potassium superoxide give a mixed superoxide- 
peroxide. Barium nitrate and sodium superoxide 
in formula weight ratio of 1:2 react to give chiefly 
barium peroxide. Similarly, from combinations of 
strontium nitrate and potassium or sodium superoxide, 
strontium peroxide is obtained. It is noteworthy that 
in the one case of mixed oxide formation the cations 
have practically identical ionic radii: K+, 1.33 A.; 
Ba++, 1.35 A. The mixed superoxide-peroxide is 
analogous to the so-called “sesquioxides” Rb,O, and 
Cs,O¢, which have been shown to contain both super- 
oxide and peroxide ions (17). 

Ozonides. Although the nature of the products 
formed by reaction between ozovized oxygen and alkali 
metal hydroxides has been for many years the subject 
of speculation, it is only recently that significant 
progress has been made on this problem. Odzonization 
of potassium hydroxide at —10° to —15° and extrac- 
tion of the product with liquid ammonia at —60° to 
—70° gives, after evaporation of the solvent, a red- 
brown material which consists mainly of potassium 
ozonide, KO; (18). Magnetic measurements show this 
compound to have a moment corresponding to one 
unpaired electron, and preliminary X-ray diffraction 
studies demonstrate that the O;~ ion is linear, there 
being a close similarity between the lattices of KO; and 
the corresponding azide. 

Studies on the room temperature ozonization of 
sodium, potassium, and cesium hydroxides have con- 
firmed the existence of ozonides and have also yielded 
additional information concerning the nature of the 
ozonization reaction (19). Ozone-treated sodium hy- 
droxide decomposes in water with evolution of oxygen, 
but does not liberate iodine from acidified potassium 
iodide solution. No colored material is extractable 
by means of liquid ammonia from the deeply colored 
ozonated product. Ozonated potassium and cesium 
hydroxides also evolve oyxgen upon decomposition 
in water, but these liberate iodine from acidified iodide 
solution. Analyses of the gross products of ozonization 
of sodium and cesium hydroxides give data which are 
most reasonably explained by assigning the formulas 
NaO, and CsQ; to the colored, paramagnetic materials. 
Highly colored products are extractable with liquid 
ammonia from ozone-treated potassium and cesium 
hydroxides; evaporation to dryness of the resulting 
solutions produces red solid substances which decom- 
pose violently in water with evolution of oxygen, 
accompanied by liberation of energy in the form of 
light. Although analysis of the material extracted from 
ozonated potassium hydroxide shows that the red 
solid consists mainly of KO;, chemical behavior would 
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seem to indicate that the extract is not a single chemical 
species. Analysis of the extracted cesium material 
even more strongly suggests the presence of another 
substance. The substances extracted from both ozo- 
nated potassium and cesium hydroxides undergo 
thermal decomposition to yield products which are 
apparently the respective superoxides; the gross ma- 
terial resulting from ozonization of sodium hydroxide 
undergoes decomposition above 100° to produce oxygen 
and sodium hydroxide. 

A recent investigation of the reaction between 
ozone and sodium hydroxide at temperatures between 
—50° and —60° has given results differing from those 
reported above (20). According to the investigators, 
a dark-red liquid ammonia-extractable material (which 
is chiefly NaO;) isformed. This substance decomposes 
at room temperature to yield oxygen and the super- 
oxide. Low temperature ozonization of rubidium and 
cesium hydroxides, followed by liquid ammonia ex- 
traction, results in the isolation of fair yields of the 
corresponding ozonides. Attempts to prepare lithium 
ozonide proved unsuccessful. 

The heat of solution of potassium ozonide in dilute 
sulfuric acid, according to the equation 


2KO; + H2SO,(aq.) K2SO,(aq.) + H:O + 5/2 


has been determined calorimetrically, and it has been 
found that AH = —32.7 kg.-cal./mol, and the heat 
of formation (AH) from the elements has been calcu- 
lated to be —62.1 + 0.9 kg.-cal./mol. A value of 67 
kg.-cal. has been obtained for the electron affinity 
of ozone (21). 


COPPER AND SILVER 


Tripositive Copper. Stable complexes containing 
copper(III) bound to the periodate (or tellurate) 
group may be made by the oxidation in alkaline 
medium of copper(II) by means of persulfate in the 
presence of the complexing group (22). A periodate 
complex of the formula K;,[Cu(IO¢)2] has recently 
found analytical application as an oxidimetric titrant 
(23, 24). It has been used for the determination of 
dextrose in blood and urine, one mol of sugar reacting 
with eight atoms of tripositive copper in alkaline 
solution (23). An important application is the charac- 
terization of proteins; every protein can be assigned 
a distinctive “percupri’”? number (24). Calcium may 
be determined by precipitation with an alkaline solu- 
tion of napthalhydroxamic acid (CjH¢»(CO),.NOH), 
followed by titration of the naphthalhydroxamate 
with the deep-brown “percupri’’ complex in hot alka- 
line medium (24). One mol of the calcium compound 
rapidly converts four atoms of tripositive copper to the 
dipositive state, and then two more copper atoms are 
slowly reduced. In the first stage of the reaction, the 
oxime group is converted to nitrite and naphthalic 
acid is produced; in the second stage nitrite is oxidized 
to nitrate. In dilute alkaline medium the ‘“percupri” 
complex oxidizes arsenite to arsenate, antimonite to 
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antimonate, chromic ion to chromate, cyanide ion to 
carbonate and nitrate, thiosulfate to sulfate, and 
number of sulfides to sulfates (24). 

At 250° a mixture of potassium and copper (II) 
chlorides, in the formula weight ratio 3:1, reacts with 
fluorine to produce a homogeneous blue-green sub- 
stance of the formula K;CuF, (25). This compound js 
decomposed by water to yield copper (II) fluoride 
and an unidentified gas. 

Di- and Tripositive Silver. Silver (II) oxide, which 
may be prepared conveniently by the oxidation of 
silver (I) nitrate with potassium persulfate in alkaline 
medium (26), is beginning to find application as an 
oxidizing agent in analytical chemistry. It is claimed 
to be a more efficient oxidizing agent than either persul- 
fate in a solution containing unipositive silver or sodium 
bismuthate (27). As little as 1 p. p. m. of manganese 
or 1 mg. of cerium (III) ion may be detected by the use 
of this reagent. 

Although dipositive silver possesses one unpaired 
electron, magnetic measurements on the oxide between 
—183° and +95° (28) show that the oxide is dia- 
magnetic, having a molar susceptibility of —19.1 X 
10~* unit at room temperature. On the other hand, 
the si!ver ion in the dark-brown solution resulting from 
the dissolution of silver (II) oxide in concentrated nitric 
acid is highly paramagnetic, with an effective Bohr 
magneton number of 1.76, a value in excellent agree- 
ment with that expected for an ion with one unpaired 
electron (28). 

Silver (II) oxide is reduced in dilute nitric acid solu- 
tion with the evolution of oxygen. However, the 
dipositive silver may be stabilized by the presence of 
a,a-dipyridy] in the nitric acid solution (29). Addition 
of a large excess of cold, saturated potassium per- 
chlorate solution to such a solution results in the pre- 
cipitation of red crystals of a,a-dipyridylsilver (II) 
perchlorate, [Ag(dipy)2](ClO,)2. The stabilizing effect 
on dipositive silver of coordination with dipyridy] is 
evident from the value of the reduction potential of 
the complex ion, which has been reported to be 1.458 
volts (30), whereas the formal reduction potential for 
the reaction 

Ag(II) + e~ = Ag(I) 
in 4M perchloric acid at 25° has been found to be 1.9998 
volts (31). 

The only cationic complexes of tripositive silver 
which have been reported are those containing ethyl 
enedibiguanide, [C.H,(BigH).], as coordinating agent 
(32). Evidence for the great stability of these com- 
plexes in aqueous solutions has been obtained from 
determinations of the pK values for the following 
equilibria (33) : 


(a) AgiC2H,(BigH )2]** = + C:H,(BigH 
(b) Ag[C.H.(BigH).]** + 2H*+ Agt® + 


The pK values found were: for equilibrium (a), 52.3; 
(b) 29.2. As might be expected, the complex ion under- 
goes extensive hydrolysis in solutions of high pH. 
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CHROMIUM AND MANGANESE 


Dipositive Chromium. Magnetic studies on chro- 
mium (II) acetate (and its monohydrate) give evidence 
for d’s binding in this compound (34). The anhydrous 
acetate has a susceptibility of 430 XK 10 c. g. s. unit 
per mol, whereas the monohydrate has a value of 
—85 X 10-® unit. The diamagnetic character of these 
compounds (the small degree of paramagnetism of the 
anhydrous salt is believed to be due to the presence 
of some chromium (III)) demonstrates that the four 
unpaired 3d electrons of the normal Cr+? ion are paired 
and that the three orbitals thus made available are 
involved in the formation of covalent bonds. Thus 
the chromium atom presumably is attached to four 
acetate groups by d’s binding. 

Dipositive chromium is finding analytical use as a 
reductant. Dissolved oxygen has been determined 
successfully by titration with chromium (II) ion in 
acid medium (35). Potentiometric titrations of Sb (V), 
Cu (11), Sn (IV) (36), and Bi (III) (37) have been in- 
vestigated. The first three were determined most 
effectively in solutions 5 N or more concentrated in 
hydrochloric acid at 85°. Antimony is converted to the 
tripositive and tin to the dipositive state. In sulfuric 
acid solution Cu (II) is reduced directly to the elemental 
state, but in hydrochloric acid medium the titration 
curve shows breaks corresponding to Cu (II)—Cu (I) 
Cu°. The second equivalence point is defined clearly 
only when the solution is at room temperature or 
below, and disappears when the titration is carried 
out at 85°. The tin determination is satisfactory in 
the presence of an equal or smaller amount of antimony 
and/or copper, but not with larger amounts. Anti- 
mony-copper mixtures with ratios from about 100:1 
to 0.1:1 can be analyzed accurately. Small amounts 
of antimony and/or copper can be determined in the 
presence of large quantities of tin. Tripositive bis- 
muth is converted to the free element by chromium (IT); 
the titration can be successfully carried out in hydro- 
chloric acid solutions of concentration 0.6 to 6 N. 
Bismuth can be determined in the presence of lead and 
cadmium by this method. 

Tetra~- and Pentapositive Chromium. Fluorination 
of a 3:1 molar mixture of potassium chloride—chro- 
mium (III) chloride produces, in addition to a small 
amount of chromium (V) fluoride which sublimes from 
the mixture, a flesh-colored solid. This solid, which 
rapidly turns yellow on standing, has been shown by 
analysis to be potassium hexafluochromate (IV), 
K,CrF, (38). The X-ray pattern of this substance 
is similar to that of K,.MnF,. At elevated tempera- 
tures the hexafluochromate disproportionates to give 
chromium (V) fluoride and an unidentified chromium- 
(IIT) compound. 

Reaction at 130-150° between bromine trifluoride 


’ The simple fluoride CrF,; has been prepared by reaction be- 
tween fluorine and elementary chromium or its halides at 350- 
500°. (See v. WARTENBERG, H., Z. anorg. allgem. Chem., 247, 


135 (1951).) 
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and an equimolar mixture of potassium chloride— 
chromium (VI) oxide, or between the trifluoride and 
potassium dichromate, results in the formation of a 
compound of empirical formula KCrOF, (39). A 
similar reaction with silver dichromate yields AgCrOF,. 
The light color of these tetrafluooxychromates appears 
to preclude the possibility of the presence of chromium 
in two different oxidation states, and is indicative of 
the presence of chromium (V). In water, the fluooxy- 
chromates undergo immediate hydrolysis with the 
formation of tri- and hexapositive chromium. 

Pentapositive Manganese. An interesting illustra- 
tion of the phenomenon of valence inductivity (40) is 
found in the formation of manganese (V) from lower 
oxidation states of this element or from manganese (VII) 
(41). The dehydration at 50-150° of an intimate 
mixture of trisodium phosphate (1 mol) and manganese- 
(II) acetate tetrahydrate (or potassium permanganate) 
(0.01 mol), followed by heating at 750-800° in a 
closed container, results in the formation of the blue 
trisodium manganate (V), Na;MnO,. Replacement of 
the phosphate in the original mixture by sulfates yields. 
no manganese in an oxidation state greater than four. 
Manganese (V) is more stable in the absence of freé 
alkali, both at room temperature and at 700—800°, 
than is manganese (VI). Trisodium manganate (V) 
is readily soluble in 5 per cent aqueous potassium hy- 
droxide, the manganese (V) ultimately disproportionat- 
ing to yield manganese (VI) and the dioxide. 


IRON, COBALT, AND NICKEL 


Hexapositive Iron. Alkali metal ferrates (VI), 
M2FeQ,, are most conveniently obtained by the chlo- 
rine oxidation of suspensions of hydrous iron (III) oxide 
in concentrated alkaline solution. The products so 
prepared are contaminated with potassium chloride 
and unreacted iron oxide. In view of the potential 
applications of ferrates in oxidimetry, the preparation 
of analytically pure material has been the subject of 
investigation (42, 43). A simple method of purification 
which reportedly yields potassium ferrate of analytical 
purity is briefly described (42). Potassium ferrate 
(VI) and chloride are extracted from the iron oxide by 
means of ice water. The addition of concentrated 
potassium hydroxide solution to the extract results in 
the reprecipitation of the ferrate and chloride. The 
latter is then removed by treatment with pure methanol 
at —10°, and the residual potassium ferrate is finally 
washed with cooled ether and dried at 80°. Above 
80° potassium ferrate (VI) decomposes with the evo- 
lution of oxygen. In alkaline medium the ferrate 
quantitatively converts chromium (III) to chromium 
(VI) and arsenite to arsenate (44). In acid medium 
one formula weight of the substance liberates four 
equivalents of iodine from iodide (42). 

X-ray diagrams show marked similarities between 
FeO,—~, SO,-~, and CrO,—~ ions (42). The potassium 
salts of these ions form mixed crystals. It is interest- 
ing that the stability of potassium ferrate (VI) has 


been reported to be enhanced in mixed crystals con- 
taining potassium sulfate, but lowered in solutions con- 
taining the latter substance. 

The magnetic susceptibility of potassium ferrate 
(VI) has been determined by the Gouy method (45). 
The best value obtained for the effective magnetic 
moment was 3.06 + 0.02 Bohr magnetons. This is in 
excellent agreement with the theoretical value (2.83 
Bohr magnetons) expected for hexapositive iron with 
two unpaired 3d electrons. 

Unipositive Cobalt. There is evidence that uni- 
positive cobalt is formed in the polarographic reduction 
of cobalt (II) chloride hexahydrate in a solvent melt 
composed of 30 mol per cent lithium nitrate, 17 mol 
per cent sodium nitrate, and 53 mol per cent potassium 
nitrate (m. p. 120°) (46). A double wave is obtained; 
this is attributed to oxidation of cobalt to the triposi- 
tive state by the nitrate melt, with subsequent step- 
wise reduction to the unipositive state and the metal. 
The plateau of the second wave is 1.3 times as highas the 
first; theoretical value for the stepwise reduction pro- 
posed is 1.5. 

Tetrapositive Cobalt. A complex fluoride of the for- 
mula K;CoF; has been prepared by reaction at 325- 
425° between fluorine and a mixture of potassium and 
cobalt (II) chlorides (formula weight ratio 3:1) (25). 
The compound is relatively stable toward water even 
at elevated temperatures. X-ray measurements which 
‘show that the complex fluoride possesses a cubic struc- 
ture of the K;ZrF; type confirm the presence of tetra- 
positive cobalt. 

Nickel (0). Replacement of carbon monoxide in 
nickel tetracarbonyl by other neutral molecules has 
led to the synthesis of some new compounds containing 
nickel (0). Reaction between phenyl isocyanide and 
nickel tetracarbony] in anhydrous ether gives in several 
minutes canary-yellow prisms of tetrakisphenyliso- 
cyanide nickel, Ni(CsH;NC), (47). The nickel (0) 
compound is a stable substance (decomposition point 
105°), soluble in ether and benzene and insoluble in 
water. With nickel tetracarbonyl and methyl iso- 
cyanide only three carbon monoxide units are replaced 
and Ni[CO(CH;NC),] is formed. 

Complexes containing nickel (0) bound to phosphorus- 
(III) chloride, bromide, or fluoride have also been pre- 
pared (48, 49). Tetrakistrichlorophosphine nickel, 
Ni(PCl;), is formed by treatment of nickel tetra- 
carbonyl with an excess of phosphorus (III) chloride, 
followed by removal of carbon monoxide by heating 
(48). The pure compound is a pale-yellow solid, 
which is stable up to 120°; above this temperature 
blackening and loss of phosphorus (III) chloride occur. 
It is soluble, although more or less unstable, in organic 
solvents. It is rapidly attacked by hot acid solutions 
and slowly by concentrated sodium hydroxide solution. 
The latter gives a black precipitate and a solution of 
sodium phosphite. Molecular weight determinations 
in benzene give a value corresponding to a monomeric 
state of Ni(PCl;)4. Magnetic susceptibility deter- 
minations at 25° give an apparent molar susceptibility 
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of +33 X 10-* c. g. s. unit for the nickel in the com. 
pound, a value which indicates the absence of unpaired 
electrons. 

Tetrakistribromo- and_ trifluorophosphine nicke} 
have been prepared in good yield, the former most con- 
veniently by treatment of the trichloro compound with 
phosphorus (III) bromide at 70°, and the latter by reac. 
tion of the trichloro or the tribromo compound with 
phosphorus (III) fluoride at 100° and 50-100 atmos. 
pheres pressure (49). Ni(PF3)4 is the most stable of the 
halophosphine nickel derivatives. It is very soluble in 
benzene and toluene, and can be volatilized in steam 
with little hydrolysis. It boils at 70.7 + 0.3° at 760 
mm. and has a density of 1.80 at 25°. 

The interaction of antimony (III) chloride with 
nickel tetracarbonyl and iron pentacarbonyl yields 
mixed carbonyltrichlorostibine products; Ni[(CO),- 
SbCl;] from reaction in cyclohexane medium and Fe 
[(CO)3(SbCl;)2] from benzene, respectively (50). Both 
the nickel and the iron complexes are insoluble in such 
organic solvents as benzene, pentane, cyclohexane, and 
carbon tetrachloride. Carbon disulfide reacts to liber- 
ate carbon monoxide and dark colored residues. Reac- 
tion with alcohols or acetone results in decomposition 
of the complex, carbon monoxide being evolved and 
nickel (II) or iron (II) being formed. Water and dilute 
acids and alkalies also cause rapid decomposition. 

Tripositive Nickel. Nickel (II) salts form a series ol 
compounds with the chelating agent o-phenylene- 
bidimethylarsine, o-CsH,(As(CHs3)e)2, of the general 
formula [Ni(CsH,(As(CHs3)2)2]Xo. These complexes are 
diamagnetic, and therefore planar with dsp? binding. 
The chloride when refluxed with hydrochloric acid in 
air is oxidized to the octahedral greenish-yellow 
(61). Proof of the for- 
mula shown above arises from conductivity studies, 
titration of ionic chlorine with silver ion, and magnetic 
measurements, the latter showing the presence of one 
unpaired electron in the complex. The exact nature 
of the binding in the complex is undetermined; it may 
involve dsp* covalent bonds and one ionic bond, or 
d’sp* bonds and promotion of one electron to the 4d 
level of the nickel. The tripositive nickel complex is 
stable in air, but can be reduced to the complex contain- 
ing dipositive nickel by such reducing agents as sulfur di- 
oxide or tin (II) chloride. [Ni(CsH,(As(CHs)2)2)sCl:]Cl 
may be converted to compounds of the general 
formula Ni(CsH,(As(CHs)2)2)2X3 by treatment with 
the appropriate anion (X = Br-, NCS~, I-). The 
bromide and thiocyanate complexes are similar to the 
chloride containing tripositive nickel, whereas the 
iodide is diamagnetic and thus a nickel (II) compound, 
possibly containing the I; anion. 

Higher Hydroxides of Nickel. Evidence has been 
obtained for the existence of a number of higher hydrox- 
ides of nickel from a calorimetric study of the oxidation 
of nickel (II) nitrate by means of alkaline potassium 
persulfate, and from the anodic oxidation of an eiec- 
trolyte consisting of nickel (II) sulfate and sodium ace- 
tate (62). Nickel (IV) oxide NiO:.2H.O, was detected 
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only in the calorimetric experiments and could not be 
isolated because of its instability. A tripositive nickel 
hydroxide, designated 8-NiOOH, is produced at room 
temperature by oxidation of dipositive nickel both with 
persulfate and anodically. A substance of the compo- 
sition NisO.(OH), is formed both by anodic oxidation 
at 40-60° and by persulfate oxidation at 100°. 

These studies on the higher hydroxides of nickel have 
led to the conclusion that the primary product formed 
at the anode during the charging of an Edison cell is 
NiO..2H,0 (53). This substance then forms 6-NiOOH 
both by decomposition and by reaction with nickel (IT) 
hydroxide. During the discharge process, decomposi- 
tion of NiO».2H,O results in a rapid initial fall of poten- 
tial to that. corresponding to the formation of B-NiOOH. 
On slow discharge a potential drop corresponding to 
the production of Ni;0.(OH), is observed. 

Tetrapositive Nickel. A black product consisting 
chiefly of BaNiO; has been obtained by reaction at 700° 
between oxygen and an equimolar mixture of barium 
hydroxide and nickel (II) oxide (54). Beginning at 
730° (+ 10°) at an oxygen pressure of 730 mm. struc- 
tural changes occur which are associated with the for- 
mation of substances with compositions ranging 
between and Ba,Ni,Os. BaNiQ; is insoluble in 
alkaline solutions but reacts readily with acids (e. g., 
hydrochloric acid is oxidized quantitatively to chlo- 
rine). It fails to give a peroxide test. The magnetic 
susceptibility of the compound is very low, the calcu- 
lated number of unpaired electrons per nickel atom 
being 0.82 at 300°K. 

A red fluocomplex of the composition K,NiFs has 
been obtained by the fluorination at 275° of a 2:1 molar 
mixture of potassium and nickel (II) chlorides (25). 
X-ray measurements, which show that the complex 
exhibits a cubic structure of the K.PtCl. type, sub- 
stantiate the presence of tetrapositive nickel. The 
compound differs from the tetrapositive cobalt fluocom- 
plex in that it is decomposed by water with evolution 
of gas (unidentified) and the formation of a black pre- 
cipitate (unidentified). 

Stable nickel (IV) complexes of organic thio salts 
have been reported (55). The air oxidation of poly- 
meric nickel (II) o-aminothiophenolate suspended in 
strong alkali yields a deep-blue u-dioxonickel(IV) com- 
plex of the constitution : 
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terized. 


This substance dissolves in organic solvents 


to give deep-violet solutions. It is formed, along with 
nickel tetracarbonyl, when the nickel (II) salt of dithio- 
benzoic acid is treated with carbon monoxide and 
ion. 


A report (56) that praseodymium (V) oxide is formed 
when the sesquioxide is heated with oxygen under pres- 
sure (15 atm.) has not been confirmed. Recent work 
(57) has shown conclusively that praseodymium (IV) 
oxide is the highest oxide formed when Pr.O;-N¢20; 
and Pr.O;-CeO, mixtures are heated at 300° under 50 
atm. oxygen pressure. Treatment of the sesquioxides | 
of praseodymium and terbium with atomic oxygen 
yields oxides containing these elements in the tetra- 
positive state; no evidence for the formation of any 
higher oxide than the sesquioxide is obtained with 
neodymium, samarium, europium, gadolinium, or 
ytterbium (48). 

The recent report (59) of the existence of praseo-. 
dymium (IV) and neodymium (IV), presumably as 
complexes with 8-quinolinol-5-sulfonic acid, has not 
been substantiated (60). 
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Given seven substances studied this semester, identified by 
Numbers 1, 2, 3, 4, 5, 6, and 7. Nos. 1, 2, 5, and 6 are elements. 
Nos. 1, 3, and 7 are gases ordinarily. Nos. 2, 5, and 6 are solids 
ordinarily. Many of them have oxidizing or reducing properties 
but 1 is a strong oxidant, 5 is a strong reductant, and 4 is a 
strong oxidant when hot. All seven are produced on an im- 
portant scale commercially. When 2 is burned in air, 7 is 
formed. No. 3 dissolves in water to form a basic solution. 
Nos. 4 and’ 7 form acidic solutions in water. No. 7 is used in 
the industrial preparation of 4. All of the gases have odors, 
and 3 and 7 are colorless. No. 5 reacts vigorously with water, 
forming a basic solution. No. 6 will burn in air to form a com- 
pound that is a good dehydrating agent. The four elements 
arranged in order of increasing number of valence electrons are: 
5, 6, 2, 1. Nos. 5 and 6 must be stored out of contact with air. 
Nos. 3 and 4 contain one element in common, and 4 and 7 contain 
two elements in common. Nos. 1 and 7 have industrial use as 
bleaches. No. 2 has two crystalline forms. Nos. 3 and 4 in 
water solution are common laboratory reagents. No. 5 has a 
silvery luster. No. 6 has two allotropic forms, one of which is 
much more reactive than the other. The reactive form of 6 is 
quite poisonous. Nos. 3 and 7 have some use in electric re- 
frigerators. 

Identify the seven substances by writing their names or 
formulas in the spaces below. 


o A CHEMISTRY IDENTIFICATION QUESTION 
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“Scrambled clues’’ questions of this sort have been 
used by the author to add variety to general and organic 
chemistry tests and examinations, to catch the interest 
of the better students, and to require more than mere 
recall of memorized facts and theories. Such questions 
are not tedious to prepare, can touch on much material, 
and can be scored rapidly. It is necessary to take 
care to keep them from being too easy—so that every- 
one answers them—or so difficult as to be impossible 
with the knowledge the students are expected to have. 
The student’s difficulties in analyzing the problem can 
of course be increased by having a larger number of 
unknowns or by making the clues less obvious. It 
seems to be a good idea to show relationships between 
the unknowns as far as possible, but not to require 
the solution of one to depend completely on another. 
Time is an important factor since many students are 
unable to make much progress on this sort of problem 
if they feel rushed. 

One such question was given to a class in general 
chemistry on the final examination at the end of each 
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semester, and the table gives the correlation coefficients 
between the score on this item, in each case, and the 
total score on the remainder of the examination. 


Correlation Number of 
Question coe fficient* persons 
1 "%),t-1 = 0.70 24 
2 ro, 1-2 = 0.68 22 
1 n,2 =0.61 21 
r,,¢-, is the correlation coefficient between item 1 and the 


total score on the test excluding item 1. 


Although these data are based on a rather small number 
of cases the coefficients—0.70 and 0.68—indicate that 
this type of question is probably substantially valid. 
The correlation coefficient between the scores on the 
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two questions is also given for those persons, 21 in 
number, who took both examinations. This figure— 
0.61—gives some measure of the reliability of this 
type of question, there being a considerable time lapse 
and a difference in content between the two questions. 

The answers to the question given at the beginning 
are: (1) Cl, (2) 8, (3) NHs, (4) H2SO,, (5) Na, (6) P, 
and (7) SO. The scores actually obtained when this 
question was given to a class of 22 students ranged 
from zero (2 persons) to the maximum possible (also 
2 persons). 
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LEMUEL F. SMITH, 1873-1951 


Tue sudden passing of Professor Lemuel F. Smith on 
the evening of November 24, 1951, brought to a close 
the life of one of the inspiring teachers of this generation. 
During a third of a century as Professor of Chemistry 
at Kalamazoo College he saw more than 60 of his stu- 
dents complete their studies for the Ph.D. degree in the 
graduate schools of the nation. Recent research into 
the origins of American scientists' disclosed that Kala- 
mazoo stands third among the institutions of higher 
learning in the country in the training of scientists. 

Dr. Smith continued to teach after he reached retire- 
ment age. He spent one year at Amherst, two at 
Georgetown (Kentucky), three at Furman, one at St. 
Lawrence, and he was in what he termed his last year at 
Richmond when his labors were brought quietly to a 
close as he was listening to his radio just before retiring 
for the night. - 

All who knew Dr. Smith enjoyed his refreshing sense 
of humor. On one occasion the president of the college 
told him he’ had just secured a young teacher of religion 
named Lemuel E. Smith, and asked how he could dis- 
tinguish them. Dr. Smith replied immediately, “Call 
the young man Heavenly Smith, and me Chemistry 
Smith.” 

Dr. Smith was a man of deep emotions. When the 
writer suffered a serious accident several years ago his 
friend stood by his bedside, and with tears in his eyes 
said, ‘‘What a shame! What a dirty shame!” Here 
was no rebellion at an act of Providence, but the spon- 


1 Knapp, R. H.. aNp H. B. Goopricn, Science, 113, 543 (1951). 
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taneous expression of sympathy for a stricken comrade. 

Dr. Smith’s interests extended beyond the classroom 
and laboratory. He spent his vacations, and his meager 
savings, traveling to far away places not listed by 
tourist agencies. His in- 
terest in religion was as 
sincere and vital as that 
inscience. He was faith- 
ful in his chapel attend- 
ance, and when called on 
to lead he frequently re- 
cited whole chapters of 
the Scriptures. He did 
so not to display his dis- 
ciplined memory, but to 
impress students with 
the importance of Holy 
Writ. He served three 
years as president of the 
Baptist General Associa- 
tion of Michigan, a rare 
distinction for a layman 
and a scientist. 

Such a dynamic life evolves its own philosophy of 
life. On his desk Dr. Smith left these gems of distilled 
wisdom: “Life is to be judged qualitatively, not quanti- 
tatively”; ‘Everything matters, but nothing too 
much”; ‘Nothing is ever finally settled”; “The eve- 
ning of life gathers into fruits all the morning dews and 
noonday heat.” 


Lemuel F. Smith 
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In 4 recent issue of Chemical and Engineering News 
appeared the statement, “Five per cent of the total 
scientific and engineering population of the United 
States is engaged in atomic energy work.” This 
illustrates the rapidity of the rise of an industry which 
did not exist ten years ago and forecasts the employ- 
ment of a significant fraction of our present students. 
Even a casual examination of scientific periodicals of 
recent years will also demonstrate a corresponding re- 
search effort in pure and applied nuclear chemistry. 
It is therefore appropriate that we should consider the 
extent to which our students are being trained or are 
being offered training in the basic subject matter of 
this field. 

It is not to be expected that’ collegiate training 
should have for its purpose the training of specialists in 
this or other limited fields of science and technology, 
It is proper, however, to include instruction in the 
basic concepts of an important field of chemical science 
at the introductory level. This will serve as a basis 
for further training of those who enter these fields and 
will give important breadth to the training of others. 
Thus, the elementary principles of nuclear phenomena 
and related subjects have a useful place in the chemistry 
curriculum at all levels; as a minor part of any general 
chemistry course, as a somewhat more substantial 
part of intermediate courses dealing with the structure 
of matter (such as physical and inorganic chemistry), 
and finally as a specialty course, offered but not 
required at the senior or graduate level. Needless 
to say, both lecture and laboratory instruction in this 
subject, as in any other, is important. 

For the purposes of this discussion we will use the 
term ‘“‘nuclear chemistry” to refer to all subject matter 
dealing with nuclear structure and phenomena which 
may appear in courses offered by departments of chem- 
istry. Small amounts of such material, more properly 
described as nuclear physics, have appeared in ele- 
mentary chemistry texts for some years. Recent edi- 
tions have shown increased emphasis on the subject 
although the main part of the material is still concerned 
with physical rather than chemical phenomena. With 
respect to advanced lecture instruction, adequate 
textual material has recently appeared in the form of 
texts entitled “Radiochemistry,” ‘“Nuclear Chemistry,” 
or “Nuclear Physics” (1). These may be used as basis 


1 Presented at the XIIth International Congress of Pure and 
Applied Chemistry, New York, September, 1951. The work was 
supported in part by the Atomic Energy Commission under Con- 
tract At(11-1)-38. 
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for lecture courses completely devoted to nuclear chem- 
istry (2) or for the introduction of selected portions of 
this material into more general courses. 

A number of institutions have developed laboratory 
procedures for advanced instruction in nuclear chem. 
istry (2) and at least one published version of such 
material is available (3). Some recent editions of 
elementary chemistry laboratory manuals contain 
procedures for nuclear chemistry experiments, but 
most of these are not very satisfactory. 


THE QUESTIONNAIRE 


In an attempt to assess the amount of training in 
nuclear chemistry now given or available to under- 
graduate chemistry majors, and also some of the factors 
influencing changes in these programs, we have pre- 
pared and distributed a questionnaire on the subject 
to more than 400 departments of chemistry throughout 
this country, namely, all those at schools listed as 
having an enrollment greater than 1000 in the 1949 
“World Almanac.” About 200 replies were received 
and these may represent a selection in favor of those 
interested in the subject. 

Table 1 summarizes the general averages of bours of 
instruction in nuclear chemistry in various courses. 
From these data it is immediately clear that in the basic 


TABLE 1 


General Survey of Instruction in Nuclear Chemistry 
(Total number of replies, 192) 


Schools Average 
teaching where Overall 
material, taught, average, 
r. hr. 
Gen. chem. a. lect. 93 3.9 3.6 
b. lab. 8 3.3 0.3 
Phys. chem. a. lect. 76 4.7 3.6 
b. lab. 14 6.2 0.9 
Adv. chem." a. lect. 51 15.8 8.1 
b. lab. 11 30 3.5 


* Includes advanced physical, advanced inorganic, nuclear 
chemistry, ete. 


courses lecture instruction in nuclear chemistry has 
spread much more widely than laboratory instruction. 
However, where laboratory instruction is being under- 
taken, it appears to be receiving the proper proportion- 
ate emphasis. Much the same may be said about 
advanced instruction although it must be remembered 
that not all students will take the advanced courses 
even when they are available. 

We have attempted to construct, from the data 
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supplied by the question- 
naire, amore detailed picture 
of the amount of instruc- 
tion in nuclear chemistry 
received by undergraduate 
chemistry majors. In 
compiling this information 
we have considered not only 
the amount of instruction 


Per 


cent Basic Courses 


Per cent of schools 


Per cent of students 


Basic + Adv. 


30 30 


30 


per school, but also the 
amount per student, as 


measured by the size of the = 


June, 1950, graduating 
class of chemistry majors. 
Although this number may 


be expected to fluctuate 
considerably from year to 


year at a given school, in a lb 


7 


Z 


large group of schools it is 
considered the best measure 

of capacity in chemical 

education, and more reliable 

in this respect than total enrollment. Figure 1 gives 
the information on lecture instruction in the basic 
courses, which all chemistry graduates are presumed 
tohave taken. In the same figure the total instruction 
in basic plus advanced courses is given in terms of the 
number of undergraduates enrolled in the advanced 
course (usually a much smaller number than the total 
number of graduates). Figure 2 represents similar 
information with respect to laboratory instruction. 
From these figures, therefore, the per cent of students 
receiving and schools offering a specified amount of 
instruction may be obtained. In the case of lecture 
work, the figure indicates that half of our graduates 
are receiving six to eight or more hours of instruction 
in nuclear chemistry in the basic courses, but in labora- 
tory work 76 per cent of the students receive no in- 
struction at all. This disparity between lecture and 
laboratory work is equally evident in the smaller group 
of students who study nuclear chemistry in advanced 
courses. On the other hand the total numbers of 
lecture and laboratory hours devoted to all topics in 
the basic courses are normally about equal, and there- 
fore we may conclude that introduction of nuclear 
chemistry into laboratory work has not kept pace with 
its introduction into lecture work. This is not ‘un- 
expected in a relatively new subject, but indicates a 
direction for progress. 

Where the per cent of students receiving a specified 
amount of instruction significantly exceeds the per cent 
of schools offering such instruction, as in the case of 
basic laboratory work (Figure 2) we may conclude that 
this instruction is more prevalent in schools graduating 
large classes of chemists. Such a difference is not 


noticeable in the corresponding lecture work. Where 
the per cent of students receiving a specified amount 
of instruction is significantly less than the per cent 
of schools offering such instruction, as in the case of 
advanced lecture and laboratory work, we may con- 


PRESS 


Hours 
Figure 1. 


9-11 12-14 


Lecture Training in Nuclear Chemistry 


clude that a small fraction of the undergraduates have 
chosen the courses concerned, since these will normally 
be electives. 

Since the information reported in Figures 1 and 2 
with respect to advanced courses represents the total 
student training in nuclear chemistry in basic plus 
advanced courses, a separate analysis of the advanced 
courses is given in Table 2. 

The information given in Table 2 indicates that, 
with respect to advanced lecture work, a large per- 
centage of students is offered a small amount of in- 
struction, probably as part of an advanced course 
in physical or organic chemistry, and that almost two- 
thirds accept this offering. Courses containing sub- 
stantial amounts of nuclear chemistry are much less 


- available and also are chosen by only about one-third 


of the students. Very little advanced laboratory 
work is available to or accepted by undergraduates 
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Figure 2. Laboratory Training in Nuclear Chemistry 
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. TABLE 2 
Potential and Actual Nuclear Chemistry Training in 
Advanced Courses 
I II Ill 
% of % of % of 
schools graduates graduates 
offering offered receiving 
this this this 
instruction instruction instruction 
Lecture hours 
1-10 26 30 18 
11-20 11 9 4 
21-30 6 a 2 
31+ 8 10 3 
Total 51 56 27 
Lab. hours 
1-10 5 5 3 
11-20 Z 2 1 
21-30 0 0 0 
31+ 5 8 2 
Total 12 15 6 


and the proportion of available laboratory work to 
available lecture work is very low as in the basic courses. 
With the exception of the substantial advanced labora- 
tory work (31+ hours) no significant effect of school 
size appears in this table. 

In addition to providing information on the present 
status of instruction in nuclear chemistry the question- 
naire requested data which might be used to assess 
certain factors connected with the amount of instruc- 
tion given. In Table 3 data are presented which per- 
mit examination of the possibility of correlation be- 
tween nuclear instruction and the size of the June, 
1950, chemistry class, the presence of a staff member 
either experienced or active in the field, and American 
Chemical Society accreditation. A preliminary ex- 


amount of lecture work in the elementary courses and 
any of these factors and therefore they are omitted 
from the table. In addition the advanced lecture and 
laboratory courses have been divided into two easily 
recognized categories: those in which nuclear chemistry 
is a part of a more general course and the nuclear chem- 
istry course proper. 

From the information given in column I it appears 


TABLE 3 
Factors Connected with Amount of Nuclear Instruction 
I II III 
Average % with % 
chem. activeor A.C.S 
grad. exper. 
class staff ited 
Schools teaching nuclear 
in: Gen. chem. lab. 23 73 60 
Phys. chem. lab. 21 89 74 
Adv. lect. (1-20 hr.) 20 72 58 
Adv. lect. (>25 hr.) 24 88 92 
Adv. lab. (1-15 hr.) 21 82 64 
Adv. lab. (>40 hr.) 31 100 89 
All schools reporting 18.5 65 48 


amination revealed no evidence of correlation between. 
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that only in the categories of extensive nuclear chem. 
istry laboratory work is there an evident dependence 
on the size of the institution (as measured by the siz 
of the graduating class of chemistry majors). In view 
of the investment of money, space, effort, etc. involved 
in such work, this finding is not unexpected. In special. 
ized advanced lecture courses, and in introduction of 
nuclear work into general chemistry laboratory courses, 
some superiority of larger schools is apparent. In 
connection with the presence of experienced or active 
staff, a similar correlation holds, except that the jn- 
fluence is directed toward physical chemistry labora. 
tory, rather than general chemistry. Schools which 
have A. C. S. accreditation again appear strong in the 
extensive advanced laboratory and lecture courses, with 
smaller influence in physical chemistry laboratory. 
Finally, the questionnaire inquired what increases in 
nuclear instruction were contemplated and what 
factors seemed most important in discouraging such 
changes. The answers to the first of these questions 
are summarized in Table 4 and it appears that the 


TABLE 4 
Planned Increases in Nuclear Instruction 
Average 
Schools increase Average 
increas- (where increase 
ing, planned), (over 192), 
hr. hr. 
Basic courses a. lect. 4 3 0.1 (7.2) 
b. lab. 7 3 0.2 (1.2) 
Adv. courses a. lect. 14 12 1.6 (8.1) 
b. lab. 10 18 1.9 (3.5) 


increases will be much more evenly divided between 
lecture and laboratory work than in present instruction 
and that these increases, where made, will be quite 
substantial. The contemplated increases are mainly 
in advanced courses which not all students will take, 
and in only one case, advanced laboratory work, will 
the increase produce a substantial change in the over- 


all average (compare figures in parentheses taken 
from Table 1). 


TABLE 5 
Discouraging Factors 
Times Average 
mentioned grad. class 
Cost 99 18 
Laboratory space 57 21 
Experience 45 
Desirability 45 
Curriculum 31 
Hazard 31 


(Only 178 completed this part of the questionnaire) 


In Table 5 are listed some of the discouraging factors 
offered to the respondents for selection. They were 


asked to rank such factors in order of importance and 
to add to the list any others considered important. 
The number of first or second rankings is given in each 
case and it appears that cost (arbitrarily specified to be 
a minimum of approximately $300 for installation of 


: 
334 
: 
cate | 
the 
ince 
sin 
activ 
= 
_ = 
2 
Very 
sing] 
_IE 
prop 
gene 
call 
st 
iner 
| a coul 
— tor) 
_J 
Reg 
: 
| 


ass 


JULY, 1952 


quantitative self-contained nuclear laboratory ex- 
periments) is most discouraging. For those mentioning 
this item and the next most important, lack of labora- 
tory space, the average size of the June, 1950, class was 
computed, in order to test for correlation with school 
size. Apparently no such correlation exists. Lack of 
time in the curriculum was frequently mentioned, 
although not specifically offered in the questionnaire. 


SUMMARY 


The results obtained from the questionnaire indi- 
cate that instruction in nuclear chemistry by lecture 
isa small but widespread part of the general and physi- 
cal chemistry courses. Many chemistry students have 
the opportunity for a few more hours instuction by 
lecture in some advanced course and as many as 10 
per cent of all students are offered an extensive lecture 
course in nuclear chemistry. Apparently the instruc- 
tors find the basic texts now available fairly adequate, 
since no strong correlation with staff experience or 
activity in the field appears except for the specialized 
courses where such factors would be expected to in- 
fluence any specialized course. One may question 
the efficiency of dividing the elementary lecture in- 
struction into small units associated with several courses 
as is commonly done, but the total amount of time, 
if properly managed, should suffice. 

Laboratory instruction, especially in the basic 
courses, has not kept pace with lecture instruction. 
Very few of our graduating chemists have had even a 
single period of laboratory instruction in nuclear 
chemistry. However, in the few schools where labora- 
tory instruction is offered, it apparently assumes the 
proper quantitative relation to lecture work. These 
schools are, in the case of nuclear instruction in the 
general chemistry laboratory, larger than average, and, 
in the case of physical chemistry laboratory, predomi- 
nantly those with staff members experienced or active 
in the field. With respect to advanced and espe- 
cially the extensive courses in nuclear chemistry, labora- 
tory instruction is relatively well established at the 
larger schools and those where experienced or active 
staff members are available. 

The increases planned in lecture and laboratory 
instruction in nuclear chemistry appear to be well 
balanced, although they will not be widespread. These 
increases will be most significant in the advanced 
courses. It is encouraging to note that the small 
increases in the basic course work are more in labora- 
tory work than-in lecture. However, the advanced 
laboratory work will improve more than will ele- 
mentary laboratory work. 

It seems clear that the most obvious shortcoming 
of our present teaching program with respect to nuclear 
chemistry is the lack of elementary laboratory work. 
Regardless of the absolute importance assigned to the 
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subject, it is obvious that the elementary course work 
has a disproportionately small amount of laboratory 
instruction. With regard to the discouraging factors 
offered by the questionnaire, we fail to understand the 
apparent importance of the two items “lack of con- 
viction of desirability” and “lack of time in curric- 
ulum,” since these should not prevent a proper balance 
of laboratory and lecture instruction. We believe 
that the discouraging factors “possible hazard” and 
perhaps also “lack of laboratory space’”’ may have 
been overrated by the respondents, due to the very 
real factor of “lack of experience.” This last item 
certainly discourages routine adoption of a new and 
strange technique, and it must be aggravated by lack 
of suitable textual material for elementary experiments. 
Given the latter, a considerable amount of lack of 
experience can be tolerated in elementary instruction. 
“Cost” appears to be uppermost in many minds, but 
this is also connected with the preceding items. Surely 
the investment of as much as $300 in permanent equip- 
ment for a physical chemistry experiment is not un- 
common and could certainly be justified if the associated 
textual material were easily available. Such a cost is, 
to be sure, rather low in comparison to advertised 
prices of nuclear equipment, but it should be readily 
attainable if the work is widely adopted. 

In conclusion, we believe that the most urgent need 
for progress in nuclear chemistry instruction is in regard 
to laboratory work in the basic courses. Laboratory 
experiments now being used in advanced instruction 
(2, 3) must be judiciously adapted for elementary 
instruction on a larger scale. Some attempts to meet 
this need have recently been described (4, 5). How- 
ever, much room for improvement and invention of 
elementary procedures remains. Suitable textual ma- 
terial is needed and reasonably priced equipment 
must be made available (6) before any great improve- 
ment can be expected. We urge that the Atomic 
Energy Commission, together with the appropriate 
commercial and academic institutions, act on this 
need to improve the training of our chemists in an im- 
portant field. 
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e WILHELM KLEMM 


Tur internationally known inorganic chemist, Wil- 
helm Karl Klemm, was born on January 5, 1896, at 
Guhrau in eastern Germany. He entered the nearby 
University of Breslau in 1919 and received the Ph.D. 
degree in 1923. His dissertation, which dealt with uric 
acid, was prepared under the guidance of Heinrich 
Biltz (1865-1943), who sent the promising young man 
to the Technische Hochschule at Hannover for further 
training under his brother Wilhelm Biltz (1877-1943). 
Dr. Klemm was assistant until 1927 when he became 
Privatdozent and then Associate Professor in 1929. 
He headed the inorganic laboratory at Danzig from 
1933 until 1945, when the conquest of the city by the 
Soviets made flight necessary. He was at the Univer- 
sity of Kiel in a like capacity, from 1947 to 1951, when 
he came to his present post, Director of the Institut fiir 
anorganische Chemie at the University of Miinster. 

Professor Klemm’s researches have been many and 
varied. His first studies were in collaboration with W. 
Biltz and dealt with the conductivity of fused salts. 
They found that the high-melting halides are good 
conductors, in contrast to the low-melting ones, which 
conduct poorly; clear relationships to the periodic 
system of the elements were brought to light. The in- 
vestigations were extended to the study of the mol- 
volumes and the coefficients of expansion of the fused 
halides, and the data obtained likewise gave insights 
into the molecular states obtaining in the melts. Fur- 
thermore, the expansion coefficients of the solid halides 
were measured and again systematic relationships were 
uncovered. As a supplement to these studies, the 
halogen and chalcogenic compounds of several uncom- 
mon elements (indium, gallium, rare earths, germanium, 
rhenium) were investigated in detail; the heats of for- 
mation and the reactivity toward ammonia were de- 
termined. 

Study of the compounds of the rare earths led to the 
discovery of bivalent ytterbium. Moreover, a new 
method for classifying the rare earths was evolved, a 
system that has now been quite generally adopied. The 
decisive factor was recognized to be the stability not 
only of the completely filled but also the “half-filled”’ 
electron configuration, such as is found in Gd+*. Sub- 
sequently, this systematization was applied to the 
transition elements, and the special properties of Mn++ 
compounds were explained. The new classification of 
the rare earths, which at the start held only for the ions, 
was found to be valid also for the metals themselves. 
The latter were prepared, with the collaboration of H. 
Bommer, by means of the reaction: MeCl; + 3K = 
3KCl + Me, and studied roentgenographically and 


1 Kiem, W., Z. anorg. allgem. Chemie, 231, 3-14 (1937). 
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magnetically. The atomic volume curves of the rare 
earths, which could then be constructed for the first 
time, show distinct maxima in the case of ytterbium 
and europium and flat minima for cerium, praseodym- 
ium, and terbium. Like gadolinium, practically all the 
other yttria earths are ferromagnetic at low tempera- 
tures. 

Magnetic measurements, which had been employed 
in the above investigations, were used, from 1930 on, to 
a much greater degree for the solution of chemical prob- 
lems. In addition to other compounds of the rare 
earths, numerous complex compounds were measured, 
particularly simple compounds of the transition ele- 
ments, including those with semimetallic character, 
The importance of atomic bonding between the cations 
(antiferromagnetism) was recognized independently of 
other workers, and applied liberally to account for the 
experimental findings. A classification system was de- 
veloped also for the diamagnetism of ions. 

Studies of alkali metal compounds led to, among 
other things, the discovery that the O.~ ion occurs not 
only in dioxides but also in the oxides Rb.O; and 
Cs,0;, whose structures were thus elucidated. 

In the field of intermetallic systems, studies were 
made of the behavior of the alkali and alkaline earth 
metals toward each other, and toward magnesium, and 
many systems with semimetals were also investigated. 
For the transition from the true metals to the semi- 
metals it was proposed that the following categories be 
adopted: true metals, metametals, semimetals, non- 
metals. The decrease in volume when gallium, silicon, 
germanium, and bismuth melt was explained. The 
volume-temperature curve of tellurium was found to 
have a minimum. 

In another important series of researches, definite 
evidence was obtained for the existence of gaseous com- 
pounds of univalent aluminum with all halogens, sulfur, 
and selenium. 

Numerous studies were devoted to fluorine com- 
pounds. For example, measurements were made of the 
refractive power of SI, etc.; CeF. and the fluorides of 
gallium and indium were prepared. Complex fluorides 
which have abnormal valence, such as K;/Cu(III)Fs], 
K3[Ni(IV)F¢], K[Cr(1V) etce., were produced by the 
action of fluorine on various appropriate compounds or 
mixtures. 

In addition to his many papers, Professor Klemm 
has authored or collaborated on a number of books. 
These: include: ‘‘Magnetochemie’”’ (1937), which was 
reprinted at Ann Arbor in 1944 as Volume I of “Physik 
und Chemie und ihre Anwendungen’; and ‘Chem- 
ische Binding als_ electrostatische Erscheinung”’ 
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(1931) which is his translation of A. E. van Arkel and 
J. H. de Boer’s ““Chemische Binding als elektrostatische 
Verschynsel.”” He collaborated with W. Biltz on the 
latter’s “‘Raumchemie der festen Stoffe,”’ which like- 
wise was reprinted at Ann Arbor in 1944. For student 
use he published an “Introduction to Inorganic Chem- 
istry” (5th edition, 1952). Together with Werner 
Fischer, he issued several revisions of the Biltz “Ex- 
perimentelle Einfiihrung in die anorganische Chemie,” 
which has now gone through more than 40 editions. 


337 


Professor Klemm is one of the three chief editors of 
the Zeitschrift fir anorganische und allgemeine Chemie. 
Furthermore, he edited the six volumes of the inorganic 
section of the “Fiat Review,” and also “The Review of 
Analytical Chemistry in Germany 1936-1946,” an im- 
portant record of German chemistry during the World 
War II era. 

His honors include the Justus von Liebig Medal of 
the Gesellschaft Deutscher Chemiker (1951), whose 
presidency he holds for 1952 and 1953. 


* COULOMB’S LAW AND THE QUANTITATIVE 
INTERPRETATION OF REACTION RATES' 


T ie considerations discussed in this paper apply only 
when the solvent has no specific effect on the reaction 
between chemical reactants and exerts its influence as 
an electrostatic effect through its dielectric constant. 
In a former article (1) Coulomb’s law and the quali- 
tative interpretation of reaction rates was discussed. 
The Coulomb approach is applicable to the quantitative 
interpretation of reaction rates as influenced by the 
dielectric constant of the medium. The application 
in a quantitative manner of Coulomb’s law is easiest 
seen when the force equation is used to obtain the dif- 
ference in the energy of activation for a reaction which 
takes place at two different constant dielectric constants 
of the same solvent pair. Again, a solvent pair (1) 
must be used in order to obtain the desired dielectric 
constants in which the reaction is \o take place.- Thus, 
one constant dielectric constant chosen might be that 
of water at 40°C., namely, 73.1. As can be found 
from Akerléf’s (2) data, a solution of 12.5 per cent by 
weight of ethanol in water has a dielectric constant of 
73.1 at 20°C. If the specific rate constant of a reaction 
is determined at 40° in pure water and 20° in 12.5 per 
cent ethanol-water solvent using the same concentra- 
tions of reactants, the dielectric constants of the two 
media will be the same and, therefore, the temperature 
coefficient obtained will be independent of electrostatic 


1 This work was done on a contract made by the Institute of 
Science and Technology of the University of Arkansas with the 
Office of Naval Research. 
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effects arising from changing dielectric constant. This 
type of temperature coefficient will arise from more 
purely thermal and nonelectrostatic effects. Again 
let us run the same reaction at the same concentrations 
of reactants in 10 per cent by weight ethanol in water 
solvent at 40° and in 21.3 per cent by weight ethanol 
in water solvent at 20°. From Akerléf’s data the 
dielectric constant of these two solvents will be the 
same and will have the value of 67.9, so that in this 
case also the temperature coefficient will be independent 
of electrostatic effects arising from changing dielectric 
constant. 

Now suppose that the energy of activation is cal- 
culated from the rate constants at the two tempera- 
tures when the dielectric constant is constant and equals 
73.1 and that a similar calculation is made from the 
data at constant dielectric constant 67.9. The two 
energies of activation will not be equal but will differ 
quantitatively by an amount equivalent to the difference 
in Coulombic energy necessary to bring the two reactant 
particles to within the distance r of each other; where 
r is the distance separating the particles necessary for 
reaction to take place. From this difference in activa- 
tion energies, a quantitative difference in the specific 
rate constants at the two dielectric constants can be 
obtained. 

Two points need clarifying at this time. One is an 
explanation of how energy of activation is calculated 
from rate constants and the other is how the quanti- 
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tative difference in energies of activation, 7. e., Coulom- 
bic energies of activation, can be found from Coulomb’s 
law. 

Energy of activation is generally calculated from 
specific rate constants determined at different constant 


temperatures and using the Arrhenius equation. This 
equation is 
= 
log k’ = log Z — 303RT (1) 


when decadic logarithms are used. In this equation k’ 
is the specific velocity constant of the reaction, Z is 
the Arrhenius frequency factor, AE is the energy of 
activation per mol, R is the molar gas constant in 
calories if AE is to be calculated in calories, and T is the 
absolute temperature. The energy of activation AE 
is the energy per mol that reactants must receive if 
they are to form products. 

From equation (1) two ways suggest themselves for 
the determination of AE. The better way is to find 
the specific rate constant for the reaction at several 
values of T. The logarithm of k’ is then plotted against 
1/T and a straight line is obtained if Z and AE, are 
independent of 7, which they generally are for short 
ranges of T. The slope of this line, which is always 
negative (3), is set equal to —AH/2.303R, and AE 
is calculated from this equality. 

A less accurate way of calculating AE is to choose two 
values of log k’ at two values of 7 and substitute in the 
formula . 

2.303727, A log k’ 


AT 


(2) 


obtained from equation (1) by subtracting log k’ at 
T. from log k’ at 7, and the term containing 1/72 
from that containing 1/7; assuming log Z constant 
(independent of 7). 

Coulombic energies of activation, 7. e., the change in 
energy of activation necessary to bring the two reactant 
particles to within reacting distance at two different 
constant dielectric constants, preferably of the same 
solvent pair to obviate even any minor specific solvent 
effects, can be calculated for ionic reactants in the fol- 
lowing manner. Coulomb’s force equation applied 
to ions in a solvent of dielectric constant D is 


(3) 


where F is the force between two ions at distance r 
apart in a dielectric media of dielectric constant D, 
if the valences of the ions are z; and z. €e is the elec- 
tronic charge, and therefore z; ¢ and z € are the ionic 
charges. 

The Coulombic energy is given by the expression 
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and the difference of Coulombic energy in changing 
from dielectric constant D, to dielectric constant D,, 
7. e., the molar Coulombic energy of activation, is 


_Nane(1 1) 


Equation (6) and corresponding ones for other elec- 
trical charge types of reactants have been given by 
Amis (4, 5) and verified from data. 

To state the influence of Coulombic energy of ac- 
tivation on specific reaction rates quantitatively con- 
sider a reaction at dielectric constant D, and let itsenergy 
requirements be represented by AEp:. Let the energy 
of activation for the same reaction at dielectric con- 
stant D, be represented by AE», then 


AEp, = AEp, + AE; (7) 
Now 
AEp, 
= Ze — (8) 
and 
AEp 
log k’p, = log Z — 
AEp, AE. 
= log — 2.303RT (9) 
but 
AEp 
log k’p, = log Z — —___ 1 
therefore, 
log k’p, = log k’n, — 


and substituting the value of AZ, from equation (6) 
in equation (11) one obtains 


N 22€7 


1 
log = log — (12) 


If a reference dielectric constant D, is taken as infinite 
in magnitude so that all electrostatic forces between 
reactants vanish and if D, is taken as any dielectric 
constant D, we have from equation (12), remembering 
that N/R is equal to 1/k 


212267 
log k's = log + (13) 
or 
log = log — 303k D (14) 


k’ which is at zero ionic strength, is independent of D 
since all electrostatic forces between reactant ions 
vanish at infinite dielectric constant. Hence as D 


increases equation (14) predicts an increase in k’> 
for reactant ions of like charge sign and a decrease 
in k’, for reactant ions of unlike charge sign. As D 
decreases k’, will decrease for ions of like sign and vice 
versa for ions of unlike sign. 
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A plot of log k’p at zero ionic strength versus 1/D 
should give a straight line in the region of dielectric 
constant D where theory is being obeyed. This line 
should have a negative slope for ions of like charge 
sign and a positive slope for ions of unlike charge. 
Seatchard (5) derived an identical expression for the 
influence of the dielectric constant of the medium on 
reaction velocity constants from the direct calculation 
of the concentration of an intermediate complex from 
equations given by Debye and Hiickel. Here we have 
arrived at the expression from the standpoint of the 
simple expression for the Coulombic force between 
ionic reactants. 

Seatchard’s approach was like that of Christiansen 
who arrived at an expression for the influence of ionic 
strength upon reaction rates. The combined effect 
of ionic strength and dielectric constant upon reaction 
rates is given by the Brgnsted-Christiansen-Scatchard 
equation (4b). The equation for dilute solutions is 
Zazpe 


+ Der 


_ 
DkTr 


log k’ = log k’, (15) 


K 


In this equation k’ is the specific velocity constant of 
the reaction at finite dielectric constant and ionic 
strength, 

k’ 


D 
K 


0 

is the specific velocity constant extrapolated to a die- 
lectric constant of infinity and a kappa (x) of zero, « 
is the Debye Kappa and is proportional to the square 
root of the ionic strength, wu, and the other quantities 
have been defined. This equation has been verified 
many times with respect to both the dielectric constant 
and ionic strength dependence of reaction rates (4b). 
Thus equation (14) has also been verified. The die- 
lectric constant dependence was verified as discussed 
in relation to equation (14) by plotting log k’ at zero 
ionic strength versus 1/D. The ionic strength depend- 
ence was checked by plotting log k’ at constant finite 
dielectric constant versus the square root of ionic 
strength and proving in dilute solutions that the 
straight line obtained had the direction and magnitude 
of slope predicted by equation (15) when «x was sub- 
stituted for in terms of ionic strength (See ref. (4b), 
Chap. 4). 

Thus ion-ion types of reactions have been discussed 
from both qualitative and quantitative standpoints. 
Quantitatively the Coulomb’s law approach allows only 
an interpretation of the dielectric constant effect upon 
reaction rates. This approach is simple in that it 
does not involve an intermediate complex but deals 
only with Coulomb forces and energies between the 
reactant ions themselves. The method is also appli- 
cable to combinations of ions and electrically unsym- 
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metrical molecules and to combinations of different 
electrically unsymmetrical molecules. These other 
combinations may be dealt with in a later paper. 


LECTURE ILLUSTRATION 


. Since time will not permit actual kinetic runs to be 
made and specific velocity constants determined during 
a lecture period, a quantitative demonstration of the 
electrostatics of an ion-ion reaction shall be in the form 
of a problem using the kinetic data of Svirbely and 
Schramm (6) and of Lander and Svirbely (7) for the 
reaction at 30°C. in water and glycol-water solvents of 
the ammonium ion and cyanate ion to give urea. The 
over-all reaction is 


NH,+ +. OCN- (NH:2).CO 
The kinetic data are given in the table. 


Kinetic Data for the Reaction at 30.0°C. in Water and 
Glycol-Water Solvents of the Ammonium Ion and Cya- 
nate Ion to Give Urea 


Wt.% Dielectric k’ 
glycol constant D 
0.00 76.73 0.00620 
44.25 63.5 0.0113 
54.20 60.0 0.0140 
68.0 55.0 0.0191 
76.15 50.0 0.0265 
85.75 45.0 0.0378 
94.10 40.0 0.0509 


Plot values of log k’x = 9 as ordinates versus values 
of 1/D as abscissas. Down to D = 50 (1/D = 0.02) 
the line will be straight with a positive slope as pre- 
dicted by equation (14). The deviation from a straight 
line below D = 50 has been mentioned before (ref. (4b), 
Chap. 4). Determine the slope of the straight portion 
of the line and, by equating this slope to 


2122€7 


~ 2.303kTr 


as required by equation (14), prove the value of r to 
be reasonable, z. e., a molecular dimension. Remem- 
ber that in this case, where a positive ion is reacting 
with a negative ion, the z,z2 product is negative. The 
answer is r = 2.5 X 10-* cm. 
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““T ey that know the entire course of the develop- 
ment of science will, as a matter of course, judge more 
freely and more correctly of the significance of any pres- 
ent scientific movement than they who, limited in 
their views to the age in which their own lives have been 
spent, contemplate merely the momentary trend that 
the course of intellectual events takes at the present 
moment.’’? 

This quotation from the introduction to Ernst Mach’s 
“The Science of Mechanics”’ really sums up the value 
of the history of science and the history of its philoso- 
phies to the graduate student in any field of science. 

If any criticism of this statement is made, it might be 
that it is not sufficiently comprehensive, for it leaves 
out aspects of life not directly concerned with the stu- 
dent’s scientific work. If it is assumed that the grad- 
uate student is not only pursuing a course of study to 
attain professional competence, but is also losing no 
opportunity to come to an understanding of the sci- 
ences related to his special field, and an understanding of 
the world he lives in today, then, it seems to me, that he 
can achieve this understanding by knowing something 
of how it all came about. This is primarily the history 
of science, an essential part of the history of civiliza- 
tion. The student might well ask, “But why bring in 
the philosophy of science?’ ‘The answer is simple: 
“Because it cannot be left out.’”’ The history of science 
is the study of the discovery of facts and of the ideas 
of their relations. A collection of facts does not con- 
stitute a science; the important aspect of facts about 
the universe around us is the ideas that grow out of 
thinking about their relations to each other. As soon 
as man began to think about the relationship of facts 
he became a philosopher. His interpretation of the 
facts became his philosophy. And so it happens that 
whether the historian of science is conscious of having 
a philosophy of science or not, every word that he writes 
about the history of science reveals that he has such a 
philosophy, be it good or bad, modern or old-fashioned. 

Perhaps it would be well at this point to define two 
terms, both hard to define: science and the philosophy 
of science. Books have been written about both, 
mostly, by the way, by philosophers, physicists, and 
mathematicians. So far as I know Wilhelm Ostwald, 


1 Presented before the Chemistry Journal Club of Tulane Uni- 
versity, February 7, 1952. 

2 Macu, Ernst, “The Science of Mechanics,” trans. by T. J. 
McCormack, Open Court Publishing Co., LaSalle, IIl., 1942, 
p. 8. 
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founder of modern physical chemistry, is the only chem- 
ist who wrote extensively of the philosophy of science,’ 
What is science? I shall give two definitions. Henri 
Poincaré, a great mathematician, says, ‘Science is a 
system of relations. . .. Objectivity must be found 
in relations. . .. Eternal objects are really objects, 
groups of sensations cemented by a constant bond, 
Science does not teach the true nature of things but 
the true relations of things.’ In this definition the 
essence of science is linked with reality. This is an old 
problem—the problem of what is real in the world. 
This is metaphysics, defined by another mathematician- 
philosopher, Bertrand Russell, as ‘the attempt to con- 
ceive the world as a whole by means of thought.’ 

As a result of the thinking and writing of another 
mathematician-philosopher, Alfred North Whitehead, 
another definition of science has come into vogue in the 
last 15 years: Science is a process that began before 
recorded history, one that is still going on, and that will 
continue as long as man is man. ‘This is the aspect of 
science emphasized by James B. Conant,‘‘. . . Science 
emerges from the other progressive activities of man to 
the extent that new concepts arise from experiments 
and observations, and the new concepts in turn lead 
to further experiments and observations.’’® According 
to this idea science has a dynamic quality like the uni- 
verse it proposes to explain; it is itself forever in a con- 
dition of flux or change. According to this view an 
understanding of any science necessarily involves some 
knowledge of the history of its development. 

The definition of the philosophy of science I shall give 
is adapted from Whitehead’s definition of philosophy.’ 
The philosophy of science is an attempt to clarify those 
fundamental beliefs about the nature of the world 
which finally determine the emphasis of attention of the 
scientist that lies at the base of his scientific achieve- 
ments. What bearing has this definition on the work of 
a graduate student inchemistry? It is all important for 


3 Perhaps one should mention also G. N. Lewis whose excellent 
book, ‘‘The Anatomy of Science,” appeared in 1926 (Yale Univer- 
sity Press). 

4 Porncarg, H., Foundations of Science,” trans. by G. B. 
Hatstep, The Science Press, New York, 1921, p. 349. 

5 B., ‘Mysticism and Logic,”’ W. W. Norton, New 
York, 1929, p. 1. 

6 Conant, J. B., “On Understanding Science,”’ Yale University 
Press, New Haven, Conn., 1947, p. 24. 

7 WuiteneaD, A. N., “Adventures of Ideas,’’ Macmillan Co., 
New York, 1933, p. 125. ‘Philosophy is an attempt to clarify 
those fundamental beliefs which finally determine the emphasis 
of attention that lies at the base of character.” 
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it will be the deciding factor determining the field of 
chemistry in which he specializes, the way he approaches 
his research problem, the kind of work he does, the 
success that attends his accomplishments after he gets 
his degree. 

It is a rare student in chemistry who begins graduate 
work knowing much about himself, his talents, his 
ability, his weaknesses. I might also add the subject 
itself, for he knows little or nothing of its history and the 
history of the sciences closely related to it. The courses 
in chemistry today are full to overflowing with the facts 
of the chemistry of the present; there is no time to do 
more than mention some of the theories that once held 
the attention of the great scientists, whose laboratory in- 
vestigations and whose thinking are responsible for the 
remarkable achievements of our time. Often even the 
names of the founders of chemistry are omitted to make 
place for the names of discoverers of recent additions to 
the development of the science. This is particularly 
true of organic chemistry; the graduate student in this 
field who has a fairly retentive memory can rattle off 
the names of men of only moderate stature who hap- 
pened to discover a new method of synthesis or reduc- 
tion, and be totally unaware of the contributions or 
methods of attack of really great experimentalists like 
Auguste Laurent, Adolph Wurtz, and Emil Fischer. 
And, of course, such a student would be at a loss tounder- 
stand even the point of mentioning an hypothesis of one 
of the intellectual giants of the seventeenth century. 
To most students all important ideas are derived from 
the science of very recent years. 

Reading and study in the history of science and partic- 
ularly in the history of chemistry would give the stu- 
dent the background essential for the evaluation of the 
theories of today. He would learn also much about his 
own interests, even his own capacity for original think- 
ing and his own shortcomings. It is not necessary to 
take a course or courses in the field. This, however, is 
an easy way to get an introduction to what can be read 
or studied and where to find the information. The prob- 
lem of what to read to best advantage is important. 
For the beginner I would suggest biographies, long and 
short, interestingly written. These should be followed 
by a detailed study of the work of one particular scien- 
tist with the reading of some of his original papers. 
There are a few excellent books that treat of the develop- 
ment of a theory. One of these is ‘“‘Avogadro and Dal- 
ton” by Andrew N. Meldrum. The particular man or 
subject chosen, however, really makes little difference. 
The important thing is that the student lose himself in 
the development of the thinking and the achievements of 
a master or masters in the field. In this study certain 
questions are likely to occur to the student. How did 
the scientist happen to become absorbed in solving a 
particular problem? Often this question cannot be 
answered especially if the man worked in the seven- 
teenth century or earlier, and left no autobiography and 
no letters that have been preserved. But beginning 
with the late eighteenth century the origins of many 
important discoveries have been recorded by the dis- 
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coverers themselves. Another question: When the 
problem presented itself what associative idea from 
his own field or from another suggested to the investi- 
gator the method of attack? Another: Was there an 
element of chance, that is accident, in the solution of 
the problem? There often is. Pasteur’s work on the 
crystals of the sodium ammonium salt of racemic acid 
was the result of his association for several months with 
Auguste Laurent in Balard’s laboratory in the Normal 
School where Pasteur was an assistant. Laurent, an 
expert crystallographer, who had also worked with 
optically active alkaloids, not only taught Pasteur 
how to examine crystals and how to use the polariscope 
expertly, but he aroused in Pasteur an interest in the 
problem of the relation of crystalline form to the struc- 
ture of the molecules. 

The view that the history of science is an important 
aspect of the history or civilization is fairly recent, but 
even more recent is the attention the subject has been 
receiving in educational programs of many liberal arts 
colleges. It seems no exaggeration to remark that the 
day is not far off when courses in the subject will be 
offered in most colleges and universities in this country. 
The delay in organizing such courses is not due to lack 
of appreciation of their value, but to lack of instructors 
with some training in several fields of science, and also, 
more important, with great interest in teaching the 
subject. Up to now only a few universities in this 
country—one of them is Harvard—has offered courses 
in the history of science in certain periods in the develop- 
ment of our western civilization. It is necessary not 
to confuse a course on the development of science and 
technology in a particular peridd, as, for example, in 
the twelfth and thirteenth centuries, with a course in 
the history of a particular science. From the time of 
the Greeks to the present, the development of certain 
phases of science has received the attention of some few 
investigators. If this were not true there would today 
be no record of the medicine of Hippocrates, none of 
the mathematics of the Pythagoreans, nor of the astron- 
omy of Hipparchus. The writings of these men are 
lost. What we know of their work we owe to accounts 
of later investigators. Interest in the history of special: 
sciences was characteristic of most of the great figures 
of the seventeenth century: William Gilbert in “De 
Magnete’”’ (1600) includes a history of the lodestone 
from earliest times, also a history of iron ores and their 
treatment for the manufacture of iron, also a history of 
substances like amber which attract light bodies when 
rubbed; Johannes Kepler in “Dioptrice” (1611) sum- 
marizes all experimental work on light from the time of 
Euclid; Robert Hooke in papers on the telescope and 
microscope gives lengthy histories of the invention and 
improvements of these instruments. Little or nothing, 
however, was written on the history of science as a whole 
until the second half of the nineteenth century. 

Strange as it may seem to scientists, the man whom 
George Sarton, one of the pioneers in the history of 


8 Dupos, R. J., ‘Louis Pasteur,’ Little Brown, Boston, 1950, 
p. 90. 
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science in this country, considers the founder of the 
history of science was neither a scientist nor a historian 
but a philosopher with leanings toward sociology. 
Auguste Comte published his famous ‘‘Cours de philoso- 
phie positive’ from 1830 to 1842. In it he calls atten- 
tion to three ideas (1) that he could not have accom- 
plished his synthesis had he not depended on the his- 
tory of science; (2) that in order to understand the 
history of mankind it is necessary to study the evolution 
of different sciences; (3) that it is not enough to study 
the history of one or many particular sciences; one 
must consider the history of science as a whole. “As 
early as 1832 Comte made an application to the minis- 
ter Guizot for the creation of a chair devoted to the 
general history of the sciences. It was sixty years 
before this wish of his was granted; and the course en- 
trusted to Pierre Lafitte was inaugurated at the Collége 
de France in 1892, thirty-five years after Comte’s 
death.’’® 

There is no doubt that Comte’s writings focused 
attention on the importance of the subject but the idea 
must have been in the air, as it were, for there were others 
who devoted their energies to it. Among these I shall 
mention two: Justus Liebig and Ernst Mach. _Liebig, 
you recall, became weary of teaching students the art 
of laboratory investigation in chemistry in the last few 
years that he taught at Giessen, and when he accepted 
the call to Munich in 1853, he stipulated that he would 
take no part in the training of students. Sometime 
after 1860 Liebig became interested in the theory of 
knowledge, ‘“‘by which he wished to render account to 
himself of that business of discovery in which he had 
been so long practically engaged. Evidently in order 
to procure for himself a point of view founded upon 
history, he had then studied Bacon’s writings, who had 
been designated by professional philosophers in general 
as the intellectual founder of the age of natural science 
upon which we entered some centuries ago. The 
result was a great surprise, for Liebig could find no 
trace whatever in the teachings of this legal dilettante 
of the method that was so well known to Liebig from 
his own practice.’’!° The paper which he gave on the 
subject before the Academy of Sciences in Munich 
stirred up a “nest of learned wasps.’”’ The debates 
which followed forced Leibig to investigate the charac- 
ter of natural philosophy, as indicated by his own 
experiences. He came to the conclusion that the ‘‘prog- 
ress of the human race is in reality determined by its 
inventions which determine its civilization, and by 
empiric conceptions acquired by the investigation of 
nature.” !! 

Ernst Mach’s important contribution to the history 


® Sarton, G., ‘Life of Science,”” Henry Schumann, New York, 
1948, p. 30. 

10 OstwaLp, W., “Grosse Manner,” 
gesellschaft, Leipzig, 1910, p. 209. 

1 Jbid., p. 210. For detailed information about Liebig’s ideas 
see the English translation of the address on this subject given 
before the Royal Academy of Sciences in Munich, July 25, 1866, 
in ‘The Culture Demanded by Modern Life” by E. lL. Youmans, 
D. Appleton and Co., New York, 1867, p. 347. 
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of physics and to the philosophical basis of the concepts, 
now accepted without question by most students, 
grew out of his teaching of physics and also out of 
his study of the operations of the mind. His mog 
important work, ‘“The Science of Mechanics, a Critica) 
and Historical Account of Its Development,” firs, 
appeared in 1883, but in the preface to this first edition 
Mach states that the book is an elucidation of the ideas 
presented in a treatise published by him in 1872 
He mentions others who wrote on the same theme, 
among them Kirchhoff and Helmholtz. His interest, 
he says, was stimulated by reading such things as 
the introductory chapters of ‘Analytical Mechanics” 
by Lagrange. Unlike Liebig, however, Mach must 
have had a predilection, as Ostwald had, for the history 
and philosophy of science, for in 1872 he was in his 
early thirties. An excellent account of the place of 
Mach in the story of the development of the philosophy 
of science can be found in Philipp Franck’s ‘‘Modem 
Science and Its Philosophy.” 

Since the middle of the nineteenth century, then, 
there has been developed, slowly at first, mainly in 
the universities of continental Europe, this interest 
in the philosophy of science, especially physics and 
related sciences. In England and the United States 
the movement took hold some years later. Among 
the English should be mentioned William K. Clifford 
whose lectures on the subject began about 1870," 
and Karl Pearson, whose “Grammar of Science” 
appeared in 1892. In the United States among the 
first were J. B. Stallo whose ‘The Concepts and Theo 
ries of Modern Physics’ was published in 1881 and 
Charles 8. Pierce who began publishing papers about 
this same time. !* 

One does not have to delve deeply into the philosophy 
of science before one comes to the conviction that some 
knowledge of its history is essential. Every one of 
these early writers on the methodology and philosophy 
of science was conversant with its history. These 
two aspects of science are almost inseparable. Many 
who have given thought to the subject advocate a 
course in the history of science as a prerequisite to 
study in the history of its philosophies. The two 
are really one subject. The progress that was made in 
the development of science from the late sixteenth 
century to the close of the remarkable seventeenth 
century, which marks the beginning of modern science, 
was determined by concepts of matter and _ energy, 
space, and time, that arose from an interpretation of 
the relations of facts derived from observation and ex 
periment. This is nothing more or less than the 
philosophy of science of that period. The importance 
of the information about the history of science, that 
the student brings to an attack on a research problem, 
has frequently been emphasized by great chemists, 
especially teachers of chemistry. Willstitter con 


12 CuirrorD, W. K., Common Sense of the Exact Sei- 
ences,” A. A. Knopf, New York, 1946. 

13 “Charles S. Pierce,” ed. by Morris R. Couen, Harcourt, 
Brace and Co., New York, 1923. 
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sidered ‘the teaching and study of the historical de- 
yelopment of science indispensable.”'* Today in this 
country some of the professors directing the study 
of students are urging that a course in the history 
of the natural sciences be required. Ernst A. Hauser 
writes, “To accomplish this broad outlook [he has 
quoted from Ostwalds’ introduction to ‘The Founda- 
tions of Natural Philosophy’’] courses in the history 
of science and technology should be made compulsory 
subjects for every student in liberal arts and technologi- 
cal colleges and universities.’”’” 

If the history of science is essential to the training 
of a graduate student is this also true of the philosophy 
of science? Some hold that it is the more important 
of the two. Anthony Standen has recently published * 
some thought-provoking comments on the teaching 
of chemistry. He points out that only in rare instances 
does a student learn anything of the method of science 
even though experimental work is required. The 
approach to experimental work is mainly factual and 
very little of reasoning is associated with the doing of 
experiments. The emphasis in all courses is exclusively 
on facts, facts that he claims must be known if the 
graduate is to earn a living in the profession of chemistry. 
Furthermore he asks: will the student need to know 
much of the value of an hypothesis and the steps 
involved in arriving at a satisfactory hypothesis? 
The answer is no, unless the chemist. becomes a director 
of research. This attitude that facts are all important 
to the everyday run of professional chemist may have 
been sufficient some 15 years ago, but the invention of 
the atomic bomb and the beginning of our difficulty 
with Russia has forced all scientists, including the 
chemists, to consider the philosophical foundations of 
science and their relation to our civilization. 

May I remind all students that modern science is 
one of the products of freedom of thought. This is 
not a new idea; Liebig emphasized it in 1866: ‘Free- 
dom, that is, the absence of all restrictions which can 
prevent men from using to their advantage the powers 
which God has given them, is the weightiest of all the 
conditions of progress in civilization and culture.”’” 
Before 1945 almost every scientist, even those working 
in Soviet Russia, took freedom in science, the right 
of an investigator not only to choose his problem but 
to attack it in any way that he could, for granted. 
Is this true today in Russia? It most certainly is not. 
Is it wholly true in this country? I hardly think so. 
This poses the question: How essential is complete 
freedom to a gifted investigator? There is no simple 
answer. There is no doubt of the necessity of freedom 
in science, but a discussion of how much involves 
questions that are bound up in the philosophy of 
science and the philosophy of the scientists. A dis- 


“ WitistAtrer, R., “Aus Meinem Leben,” Verlag Chemie, 
Basel, 1949, p. 324. 

4’ Hauser, Ernst A., “The lack of natural philosophy in our 
education,” J. Camm. Epuc., 28, 492 (1951). 

6Sranpen, A., “On the horns of the sacred cow,” J. CHEM. 
Epuc., 28, 608 (1951). 

Youmans, E. L., op. cit., p. 262. 
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cussion of this topic and others related to it by about 75 
scientists from many different countries in a confer- 
ence at Princeton University in 1947, brought out some 
interesting aspects of science, seldom mentioned in 
older treatises: (1) ‘The prosecution of applied sci- 
ence in its most efficient form is identical with that 
of pure science”; (2) ‘There is no scientific method 
as such, the most vital feature of the scientist’s pro- 
cedure has been merely to do his utmost with his 
mind, no holds barred’; (3) ‘We have been too com- 
placent in the past in assuming that our diversities of 
opinion are not of fundamental significance. Diver- 
sities are symptomatic of something and we do not 
know what. It is time we analyzed our disagreements 
and found their significance. Have we a right to our 
bland assumption that the human race is intellectually 
all alike, or may there be truly irreconcilable points 
of 

I should like to comment on the last of these state- 
ments, as it is so closely related to an understanding 
of the history of science. Modern science, as we know 
it and practice it today, had its origins in the late 
sixteenth century. But its roots go back to a much 
earlier period, to the intellectual achievements of the 
Greeks. Its development in the seventeenth century 
is a result of emphasis on reasoning in the late Middle 
Ages, and on the economic and social activities of the 
Renaissance. Our civilization is the result of forces 
which in most respects operated only in the countries 
of western and northern Europe, exclusive of Russia. 
Today whether we wish to do so or not, we must try 
to understand the motives and acts of Russia and the 
Orient in the light of the facts of their development 
and ours. Their opinions are not like ours. Is this 
difference of opinion of fundamental significance? 
Can peoples not conversant with our ideas, that even 
the man in the street takes for granted, namely, the 
objectivity of scientific truth and its foundation on 
abstract mathematical thinking, understand our way 
of life, our goals? Assuming that these peoples can 
eventually achieve an understanding of our civilization, 
will it come in one generation, or two, or many? The 
populations in the countries not within the sphere of 
western civilization far outnumber those of western 
Europe and the Americas. If, as I believe, the large 
majority of these peoples cannot understand our 
civilization based on the development of ideas of free- 
dom, scientific objective truth, and on the technology 
which is an outgrowth of these, can we by study under- 
stand them? We most certainly must make the effort. 
But something more is needed than just the willingness 
to make the effort. We must understand our own 
civilization before we can learn much of that of another 
people. 

Every graduate student specializing in chemistry 
is first and foremost a human being, a citizen of this 
country, responsible to an extent determined by his 
talents and ability to take part in preserving western 


18 ‘‘ Physical Science and Human Values,” Princeton University 
Press, Princeton, 1947, pp. 140, 144, 151. 


TION 
apts, 
nts, 
t of 
nost 
tical 
first 
tion 
deas 
872. 
me, 
rest, 
3 as 
ics” 
tory 
‘his 
> of 
phy § 
lern 
rin 
rest 
and 
ates 
ong : 
ord 
0," 
ce” 

the 
and 
out 
shy 
me 
of 
hy 
ese 
uny 

to 
wo 
ath 
ath 
Ce, 
gy, 

of 
eX- : 
the 
ce 
vat 
m, 
ts, 
irt, 


344 


civilization. If he is an intelligent student he must 
inform himself in one way or another of the factors 
that have determined the development of this country 
and those like it, so that in the years to come he may 
exert his influence effectively to preserve what we think 
is valuable to us. It is my conviction that he can do 
this only by exercising his mind in thinking with the 
investigators and philosophers of the past, which means 
that he must know something of the history and philos- 
ophy of science. 
This paper ends with this last sentence, but I cannot 
resist commenting on an article that appeared in the 
January number of Tuis JourNnaL. It was written 
by several members of the Russian Academy of Science 
and sets forth the law which is to regulate the teaching 
and the acceptance of chemical structural theory 
as it has been conceived by the Central Committee 
of the All-Union Communist Party. ‘The decisions 
of the Central Committee to ideological problems and 
the sessions of the All-Union Lenin Academy of Agri- 
cultural Sciences have mobilized Soviet scientists for 
the solution of the problem of a critical analysis of the 
present state of theoretical concepts in all fields of 
knowledge and the struggle against the alien reac- 
tionary ideas of bourgeois science.” The main part 
of the article is a diatribe against the theory of resonance 
and a glorification of the achievements of Russian chem- 
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ists in the last eighty odd years. Much has been written 
lately against the soundness of the theory of resonance 
as it is used in the interpretation of the structure and 
reactions of organic compounds. Like other theories 
held in high favor years ago, certain features of it are 
likely to be retained. This is to be expected for the 
very essence of a theory is that certain aspects of it 
undergo modification. But the distortion of the facts 
of the history of theoretical organic chemistry in this 
article is amazing. Everyone will agree that Butleroy, 
Markovnikov, and Mendeleev were great scientists 
possessed of unusual scientific intuition, but this may 
also be said of Berzelius, Laurent, Couper, Kekulé, 
Kolbe, van’t Hoff, LeBel, and others. The develop. 
ment of structural theory might have been delayed had 
these particular Russians, trained according to the 
standards in use in the schools of France and Germany, 
not entered the field, but to name them as the founders 
of structural theory is a rank distortion of the facts 
recorded in the literature of chemistry in the middle 
and late nineteenth century. One can be certain that 
if the history and philosophy of science are taught in 
Russian universities, western scientists would be 
astounded at the so-called facts recorded in the lectures 
and textbooks. The history and philosophy of science 
are international in character. Some scientists believe 
that their study is the last hope of peace among nations. 


CHEMISTRY PROGRAM OF A. A. A. 8S. MEETING 


Tue program of Section C (Chemistry) of the A. A. A. S. meeting in St. Louis during the last 
week of December will consist of General Papers on Friday, December 26, the Celebration of the 
Centennial of Washington University on Monday, December 29, and excellent Symposia on 
Saturday, Sunday, Tuesday, and Wednesday (December 27, 28, 30, and 31). 


The Symposia include titles such as: 


Contributions of Chemistry to New Textile Fibers, 


Contribution of Chemistry to Animal and Human Nutrition, Contributions of Chemistry to 
Medicine, Contributicns of Chemistry to Dentistry, Chemical Economics of Fuels of the Future, 
Contributions of Chemistry to Agriculture, and an Alpha Chi Sigma-sponsored program on Profes- 


sional Training. 


Chairmen of some of the symposia include Dr. Frank Soday, Dr. B. L. Scallet, Dr. Barbara 
Campbell, Dr. Kenneth N. Campbell, Dr. Frances Krasnow, Dr. L. L. Hirst, and Dr. Virgil L. 
Freed. The symposia have been arranged by Dr. Carrol A. Hochwalt and Mr. J. J. Healey, Jr. 


both of Monsanto Chemical Company. 


Titles and abstracts of papers for the general session on Friday, December 26, should be sent 
to E. F. Degering, Secretary, Section C, A. A. A. 8., 1860 Colonial Drive, Memphis 7, Tennessee, 


on or before the first of October. 


A banquet dinner for the chemists will be featured on Monday evening in connection with the 
Centennial Celebration of Washington University, at which Dr. Carroll A. Hochwalt, Chairman 
of Section C and Vice-President of A. A. A. S., as well as Vice-President of Monsanto Chemical 


Co., will address the group. 
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e LANGUAGE TEACHING FOR STUDENTS IN 
SCIENCE AND TECHNOLOGY’ 


Errecrive salesmanship requires careful attention to 
the prospective customers’ wishes, habits, and preju- 
dices. Similarly maximum effectiveness in teaching is 
impossible without consideration of the student’s 
background, motivation, and attitude. The salesman 
must often transmit information—“educate” his pros- 
pect—in order to motivate him to buy. The teacher, 
likewise, must be sure of the student’s interest—must 
on occasion “sell’’ him—if effective teaching is to be 
accomplished. 

This relationship between selling and teaching is 
particularly important when a foreign language is being 
taught to students of science and technology. Such 
students tend to be preoccupied with courses pertaining 
directly to their professional realm of specialization. 
Advances in science and technology during recent 
decades confront today’s budding scientist or engineer 
with an overwhelming amount of material in his chosen 
field. The understandable and laudable desire to 
obtain the best possible training in his chosen field may 
result in something closely akin to sales resistance 
toward those subjects—such as foreign languages— 
which appear of little direct benefit to the student’s 
future professional career. This sales resistance is 
encountered not only among students but, occasionally 
at least, among those charged with establishing curricula 
in the various fields of science and technology. 

In meeting this situation, foreign language teachers 
often place too much reliance on one variation or another 
of the stock argument that work published in languages 
other than English cannot be neglected in a well-man- 
aged program of scientific research or industrial develop- 
ment. Even when the validity of this argument is 
conceded, students in science or technology may be 
inclined to the opinion that there is so much in English 
to be mastered that worrying about foreign language 
material is somehow a little bit ridiculous. And it is a 
fact that, in certain fields of science and technology at 
least, English is the principal language of publication 
(1). The present position of responsibility that the 
U. S. A. has been forced to assume in world affairs 
May even come to be misinterpreted as a reason for 
regarding the study of foreign languages as a poor invest- 
ment of time and energy for future scientists and engi- 
neers. Nevertheless, in spite of misconceptions and prej- 
udices, knowledge of one or more foreign languages can 


1 Presented at the XIIth International Congress of Pure and 
Applied Chemistry, New York, September, 1951. 

? Present affiliation: Bjorksten Research Laboratories, Madi- 
son, Wisconsin. 
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Massachusetts Institute of Technology, Cambridge, 
Massachusetts 


provide unique advantages in developing a career in 
science or technology. Discerning these advantages is 
often difficult for the student at the start of his career. 

A very important—perhaps the most important— 
factor in this situation is the attitude of the foreign 
language teacher. He must be willing to adjust the 
objectives of his courses and his teaching methods to 
the requirements of the students. Their interest in 
language study will rarely go so far as a desire to acquire 
the ability to speak a foreign tongue. A much more 
realistic goal—at least initially—is the ability to read 
foreign language material in the student’s chosen field— 
be it physics, electrical engineering, chemistry, mathe- 
matics, or the like. 

Failure to establish reasonable goals in teaching 
foreign languages to students in science and technology 
has been a principal cause for the existing chaos in stand- 
ards and also in teaching methods (2). 

The definition of a reasonable initial goal is, of 
course, only the first step. Teaching methods appro- 
priate to the goal require careful attention. The 
teacher must understand what the student must learn 
in order to achieve an effective reading knowledge which 
will be useful to him in his subsequent professional 
career. Perhaps the most exasperating mistake which 
the teacher can make in this connection is to choose the 
wrong type of material for practice reading. Students 
in science and technology are quick to see that the 
vocabulary required for reading fairy stories is quite 
different from that needed to read papers dealing with 
electronic circuitry, chemical reactions, or suspension 
bridges. Reading material in the student’s own field 
of specialization can be used right from the start, even - 
in beginners’ courses (3). For example, with chemists 
tackling Russian for the first time, it is well to use an 
elementary inorganic text such as Verkhovskii’s 
“Neorganicheskaya Khimiya’”’ (4). 

Important advantages are gained by using foreign 
text material whose subject matter is well known to the 
student. With such reading material, a knowledge of 
basic chemistry—or other field of science or technology 
—can assist the student very effectively in acquiring 
insight into the mechanism of expressing thought in the 
foreign language. Another advantage is the feeling of 
accomplishment that the student experiences early in 
the course. In order to maintain this feeling, once a 
minimum level of proficiency has been attained, it is 
well to shift to reading material whose subject matter, 
though in the student’s field, is not entirely familiar to 
him. By using a little care in selecting reading mate- 
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rial of gradually increasing difficulty, the student can be 
led by stages to reading papers reporting current ad- 
vances in his field (6). 

In addition to skillful selection of appropriate reading 
material the teacher needs to devote careful attention 
to his presentation of grammar fundamentals. There 
is danger of giving the impression that the language 
being studied is an impossibly difficult puzzle, character- 
ized by a multiplicity of confusing rules and irregulari- 
ties. Perhaps the most effective means for avoiding 
this pitfall is to emphasize the general structure of the 
language being studied and approach the finer points of 
grammar by considering example sentences. The stu- 
dent should be given the impression that grammar rules 
are analogous to a road map which is very helpful in 
becoming acquainted with new territory, but which 
has served its usefulness once familiarity with the 
strange landscape and its land marks has been achieved. 
Sentence structure should be emphasized rather than 
grammar rules. Example sentences from scientific 
or technical material are particularly helpful in this 
connection (6). 

Another point that the teacher should keep in mind is 
the fact that foreign language courses may require the 
student in science or technology to develop study meth- 
ods different from those he ordinarily uses in coping with 
subjects whose mathematical basis requires primarily 
skill in discerning which fundamental principles, and 
corresponding mathematical formulas, are to be applied 
toa given problem. In contrast, building up a network 
of associations as an aid to the memory is the basic 
technique in language study. This is particularly true 
in acquiring effective vocabularies. Here many students 
blunder—without realizing it—into a dangerous pitfall. 
Since dictionaries present arrays of foreign words with 
one or more English words placed opposite a given 
individual foreign word, there is a tendency to assume 
that one, or possibly two, English words are fully and 
precisely equivalent to the given foreign word. There is 
a tendency, in short, to set up equations and to attempt 
to understand the foreign language by a mechanical 
process of replacing the foreign words with what are pre- 
sumed to be English equivalents. It is true, of course, 
that with words designating certain simple material 
objects, something close to a true equivalence of mean- 
ings of a foreign and an English word may well occur. 
Such cases of equivalence must not be regarded, how- 
ever, as typical. 

The student must be warned in good time that the 
meaning of a foreign word must be expected in the 
majority of cases to differ more or less extensively from 
the meaning of any one English word. The student 
must be taught to use the dictionary as a means for 
getting acquainted with the foreign word. He must 
come to realize that thorough understanding of foreign 
words and foreign phraseology can be achieved only by 
careful observation as to how words are actually used. 

This process of becoming aware of the exact area of 
meaning of a foreign word is best acquired by practicing 
the habit of reading without translation. Unfortunately, 
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in classroom recitation, translation is the only method 
for testing and confirming that the student—partie. 
ularly the beginner—is understanding a passage in q 
foreign language. In spite of this necessity of resorting 
to English in the classroom, the .student—even the 
beginner—should be urged to acquire the habit of associ. 
ating a semantic impression directly with the foreign 
word without interposing English in the understanding 
process. In order to promote this habit of understand. 
ing a foreign language directly without translation, it 
is particularly important to make clear to the students 
the futility—even harmfulness—of resorting to writing 
English words in a foreign text so as to provide an inter. 
linear translation. If difficulty is experienced in remem- 
bering the meaning of a foreign word, it is much better 
to use separate slips of paper which can be discarded 
in favor of direct understanding as soon as the foreign 
word has been firmly anchored in the memory. 

Over and above the organization of the course and 
assistance in developing effective study methods, the 
teacher can do a great deal in direct “selling” of foreign 
language study to the student. Perhaps the most effee- 
tive sales approach with students in science and tech- 
nology is to bring them to the realization that scien- 
tific and technical literature in their fields is not entirely 
in English and that knowledge of a foreign language 
may serve as a key to much valuable knowledge. It 
is perhaps a little more difficult to convince students of 
science and technology that there are certain accessory 
benefits to be gained by foreign language study. Never- 
theless, these benefits do exist and it may not be out 
of place to mention some of them briefly. 

Acquiring insight into a foreign language provides a 
surprisingly effective basis for understanding one’s 
own language, and thus acquiring skill in the difficult 
art of expressing ideas clearly and convincingly. In 
these days, the ability to prepare well-written reports 
and papers that are effective in selling ideas may prove 
to be the decisive margin of success in developing a pro 
fessional career in science or technology. It is true, of 
course, that such skill can be developed without learn- 
ing foreign languages, but this does not detract from the 
fact that successful mastery of a foreign language is 4 
very effective means for developing the ability to write 
effectively. 

Another secondary benefit in learning foreign lan- 
guages is the possibility of easier and more pleasant 
communication with foreign colleagues. It may be 
thought that it is necessary to acquire a complete 
speaking mastery of the foreign language in order that 
communication with foreign colleagues may be facili- 
tated. Students need reassurance on this point. They 
need to be brought to understand that in dealing with 
foreign colleagues face-to-face, a knowledge of the foreign 
language, far short of mastery, may prove extremely 
helpful in achieving communication and understanding. 
By knowing something of the structure of the other 
man’s language, his attempts at speaking English 
become much more easily understandable. By knowing 


something of how his language sounds, his pronuncia- 
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tion of English will become much less strange. Finally, 
if, on occasion, it is possible to help the foreign colleague 
by a few phrases from his own language, it is easy to 
give him the impression that an attempt is being made to 
meet him part.way. This is helpful in establishing 
good personal relationships on a friendly basis. 

Many young engineers and scientists may find it 
hard to believe at first that getting a view of another 
pattern of expressing thought can be an interesting and 
satisfying experience. If the teacher of a foreign lan- 
guage is really skilled in his job it is possible to present 
a foreign language in such a fashion that the student of 
science or technology may become fascinated with it 
as a mechanism for communicating thought. Scien- 
tists and technologists are by vocational aptitude inter- 
ested in devices in the physical and material realm. It 
is possible to arouse their interest in those intellectual 
tools which languages have developed to express ideas 
and emotions. It is even possible on occasion to bring 
the young scientist or engineer, whose interest in lan- 
guage initially was either utilitarian or perhaps com- 
pelled by curriculum requirements, to an understanding 
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that the literary masterpieces of a foreign tongue can 
provide thrilling experiences. Observing this develop- 
ment in one’s students is, however, frequently denied 
the teacher as such realization generally comes long 
after graduation. 
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a THE BOSTON COLLEGE CHEMICAL SOCIETY 


ins year we celebrated the 25th anniversary of the 
organization now known as the Boston College Chemi- 
cal Society. For the occasion, the student members 
did some historical research and published a brief 
history of the activities of this campus group. It 
tells the story of the ups and downs of an organization 
that is subject to a rapid turnover of membership and 
officers, now surging forward on waves of enthusiasm, 
now falling back into the trough of the wave. The 
history relates that at one period it submerged and 
operated in submarine quarters with such officers as 
the Grand Molecule, the Grand Atom, and the Grand 
Ion. Eventually it resurfaced, and after the war 
years, although it is still subject tothe wave phenomenon, 
we have been riding the crest of the wave with more 
success since our affiliation with the American Chemical 
Society. 

Our organization must be such that it makes mem- 
bership worth while to the busy chemistry student, and 
affords opportunity for active participation by all. 
The function and activities of our group are largely 
determined by the circumstance that Boston College 


ALBERT F. McGUINN, S§S. J. 
Boston College, Chestnut Hill, Massachusetts 


is predominantly a college of commuters. About five 
years ago we undertook a common project of studying 
parliamentary procedure with a view to formulating 
and adopting a set of bylaws. This project was not 
only a profitable study for future professional men but 
it also furnished us a student-made guide, tailored to 
our campus picture, and sufficiently broad in its ob- 
jectives to allow a variety of activities while keeping 
within reasonable bounds. Article II of the bylaws 
reads: “The object of this Society shall be to afford 
an opportunity for the students of Boston College 
interested in chemistry to become better acquainted, 
to secure intellectual stimulation that arises from pro- 
fessional association, to secure experience in presenting 
technical material before chemical audiences, to foster 
a professional spirit among the members, and to instill 
professional pride in chemistry.” 

From year to year there is considerable variation in 
the group spirit and group leadership with correspond- 
ing variation in activities and emphasis on the above 
objectives, but three annual events have become tradi- 
tional by success, ard they are planned well in advance. 
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(1) Early in the fall, while the weather is still mild, an 
outing is held at a readily accessible State Reservation 
where good recreational facilities are available. The 
highlight of the sports events is a game of softball 
between the undergraduates and the graduate students. 
A “hot dog”’ roast with songs around the campfire, and 
into the darkness, concludes this get-acquainted ac- 
tivity. (2) Toward the close of the football season a 
smoker is held, at which a popular feature is the show- 


the coaching staff. Mimeographed song sheets help 
to promote community singing to complete a pleasant 
evening. (3) In the spring a somewhat elaborate 
banquet is held at a downtown hotel, and despite the 
heavy expense our banquets have been well attended. 
Each year these events are voted by the membership, 
all arrangements are made by elected committees, 
and it would seem that they effectively serve the pur- 
pose of unifying the various elements of the group. 

For some five years before the war we published a 
quarterly bulletin called “The Crystal.’”” Enthusiasm 
ran high and the quality was good for two or three 
years, but succeeding classes did not feel the enthusiasm 
of the founders, the quality dropped gradually, it 
became more difficult to meet the publication deadline 
with an issue that was worthy of the expensive format, 
and in its weakened condition it became a ready war 
casualty. Instead of reviving ‘“The Crystal,” as some 
enthusiasts proposed, we started a less pretentious 
monthly organ called the “Chem Bulletin,” edited by 
the students and lithoprinted at the College Press. 
It is intended for local readers and it is well received by 
them. A typical issue contains news of the chemistry 
department, introduction to a faculty member, editorial 
on the morality of using the H-bomb, a discussion of 
the qualities required in a chemist, notice of graduate 
seminars, an article on job opportunities, news of the 
alumni, a crossword puzzle, and a humor column. 
This activity is now in its fourth year and it is still 
vigorous. It is a sizable job for the editor, but he has 
a large editorial staff, and at his discretion he may omit 
an issue if it would seriously interfere with studies. 
Technical articles on an undergraduate level are welcome 
and they find a place in the “Chem Bulletin” with 
sufficient frequency to justify the title. A sponsor is 
defined as one who makes himself responsible for an- 
other, and, naturally, the Faculty Sponsor of the group 
is responsible for the irrevocable printed work. In 
reviewing the copy of our publication his work is re- 
stricted largely to the detection of errors of judgment, 
and with an established editorial policy that nothing 
may be printed that could cause offense to any individ- 
ual or institution, his work is relatively easy. 

During the school year we manage to have about 12 
regular meetings, of which four.are scheduled for busi- 
ness, two for science films, and six for speakers. The 
supply of willing and competent speakers in our area 
is more than adequate, yet the program committee 
finds it difficult to obtain speakers who have something 
of general interest and within the easy understanding 


ing of football films with commentary by a member of . 
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of a group composed of sophomores, juniors, and seniors, 
This year’s sophomores will be next year’s juniors, and 
if they feel out of place and neglected their loss of 
enthusiasm will be reflected in the organization for 
the next two years. Hence, we try to avoid highly 
specialized topics that would be suitable for a grad. 
uate seminar or for a selected group of seniors. Job 
opportunities; description of a local chemical industry, 
personal experience of a fairly recent graduate, the 
chemist in civil service, the police chemist, etc., seem 
to be attractive topics for the purpose as measured 
by attendance. Strangely enough, our most success. 
ful speakers have been student members who had either 
gained some experience in summer work or who had 
developed an interest in some special field of chemistry 
by study or by working at a laboratory project. Un- 
fortunately, we have had too few volunteers during 
the past two years to constitute a significant part of 
our program. 

This leads to the mention of another activity that 
is now in the trough of the wave. Group laboratory 
projects according to interests were proposed, modest 
space and equipment were provided, and cooperation 
of the faculty was assured for direction of the projects. 
Real enthusiasm was shown for two years in projects 
such as the isolation of natural products, clinical tests, 
glass blowing, etc., and some of the participants gave 
excellent talks at the regular meetings. At present 
a few students are working on individual projects, 
but group work has disappeared—causes unknown. 
However, the opportunity is still open and quite pos- 
sibly the activity will be revived with a new group next 
year. The annual variation in interests and leader- 
ship of the group is amazing. 

Another sporadic activity is the visitation of local 
industrial plants and laboratories. 
must be made during school vacations, and are arranged 
by small groups, who must guarantee to the faculty 
sponsor that they will arrive as a group at the plant 
or laboratory at the time specified by the host. Usually 
two or three such plant trips are made annually. 

A student organization that has recently assumed a 
role of some importance in this area is the Intercolle- 
giate Chemical Society, which draws its membership 
from about a dozen College Chemistry Clubs in the 
neighborhood of Boston. Our group has lent. its 
support to and has actively participated in the program 
of this relatively new and active organization. 

As an illustration of how an active chemistry club 
can bind the members together in ties of frieidship 
and professional interest, with mutual benefit to the 
members and the alumni, several of our members 
undertook to assemble and publish an alumni direc- 
tory. This project arose from a desire to know what 
their friends of last year were doing, and it matured 
into a complete directory that was mailed to the alumni 
last year. This will be a continuing project of the group. 

Affiliation with the American Chemical Society 
undoubtedly has had a beneficial effect on the group, 
but it is difficult to measure even qualitatively the 


Such plant trips ; 


Pre 


and 
years 
more 
more 
asa t 
givin; 
that | 


4 
JUL 
Rath 
matu 
feelin 
= tion | 
impal 
Only 
| 
| 
| 
| 
4 | 
| 
I ma; 
the i 
and | 
are si 
make 
as ne 
the t 
realiz 
degre 
the 
belie, 
three 
pract 
I mig 
youn; 
youn 
conti 
~ 
tion a 
ation, 


JULY, 1952 


direct influence of this affiliation on any one activity. 
Rather, it is an over-all effect in producing those real 
but intangible qualities called professional pride, 
maturity of outlook, and professional attitude. The 
feeling of belonging to a large professional organiza- 
tion lifts them out of their campus isolation, and also 
imparts a sense of solidity to their local activities. 
Only on this basis can one explain a spontaneous move- 
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ment two years ago that resulted in a migration of 
25 members to Philadelphia to attend the national 
convention of the A.C.S. They wanted the experience 
of seeing their organization in full operation. 

In closing, the observation may be made that by 
active participation in the activities of his Chemistry 
Club a student gives something and receives something. 
The rule still holds that he receives as much as he gives. 


STUDENTS’ 


Precision of measurement has occupied my interest 
and attention at irregular intervals for the past 30 
years. During this time I have been inclined to attach 
more and more importance to the subject and to teach 
more and more of it to students of chemistry. Perhaps 
as a teacher I may be likened to a father who is bent on 
giving to his sons the advantages and opportunities 
that he did not have when he was a boy. I trust that 
I may be pardoned, then, if I appear to overemphasize 
the importance of precision of measurement and the 
need for more training in this subject in our collges 
and universities. My early struggles with precision 
are still vivid in my mind. I graduated from college 
with just enough misinformation to be impelled to 
make all measurements from 10 to 20 times as precisely 
as necessary. I can recall many hours spent regulating 
the temperature of a water bath to the nearest thou- 
sandth degree, hours which were wasted, as I long after 
realized, since regulation to the nearest hundredth 
degree easily satisfied the precision requirements of 
the measurements. 

Out of a spirit of humility I might be inclined to 
believe that my early blunderings in precision of meas- 
urement were unique; however, the experiences of 
three decades have convinced me that a lack of a 
practical knowledge of this subject is quite common, 
I might even say is almost universal, not only among 
young graduates but also among those skilled and 
experienced in carrying out experimental, work. One 
continually encounters cases of neglect of precision 


_' Presented before the Chemistry-Physics-Mathematics Sec- 
tion at the annual meeting of the Northwest Scientific Associ- 
ation, December 28, 1951. 
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PRACTICAL PRECISION FOR CHEMISTRY 
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in the work of graduate students, in the accounts of 
research in reputable scientific journals, and even in 
the design of apparatus furnished by makers of scien- 
tific equipment. Let me mention only two or three 
examples to illustrate. 

In one report on an investigation in which slight 
changes in concentration of an acid were to be deter- 
mined rather precisely, an ordinary 1-ml. volume pipet 
was indicated as a means of taking samples for titration 
against a standard base. As a result, the uncertainty 
in the determination of concentration of the acid was 
hardly less than the change in concentration to be 
determined. Conclusions reached on the basis of 
these measurements were perfectly worthless. 

In a master degree thesis a student reported the de- 
termination of the ammonia content of a sample by 
distilling it into a large excess of 0.1 N acid and back- 
titrating with 2 N standard base. A rough precision 
analysis quickly exposes the fact that the practical 
uncertainty in the result is of the order of magnitude 
of five per cent although the student reported the re- 
sult with an apparent precision of one part in a thousand. 

For a considerable time there have been manufac- 
tured and sold so-called “microburets” which are 
graduated in 0.01-ml. divisions and which may be 
read to a decimal precision of 0.002 ml. Many of 
these burets are designed so that they furnish from 
their tips drops that are 0:02 ml. or more in volume. 
Apparently it has been overlooked that a titration 
normally is only as decimally precise as half the volume 
of the drop falling from the tip, no matter how precisely 
the reading of the buret may be taken. Fortunately 
this anomaly in design has been corrected recently 
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and there are now available buret tips that furnish 
“microdrops” of a size corresponding to the precision 
with which the buret may be read. 

After one has decided that training in precision is 
an important requirement for every student of chemis- 
try, several questions immediately present themselves. 
When should this training be given? Should it be 
given in the department of mathematics or in the 
department of chemistry? Should it comprise a 
separate course or should it form part of a required 
course such as analytical chemistry or physical chemis- 
try? The answers to these questions will probably 
depend to some extent upon the particular curriculum 
at any given institution, but generally, I believe, they 
will follow along much the same lines. 

Precision of measurement is not what students would 
call a “pipe course.” It continually involves keen 
analytical reasoning as well as a knowledge of measure- 
ment and an understanding of differential calculus 
is a prerequisite. The attempts that I have made to 
give small doses to sophomore students taking analyti- 
cal chemistry have not been particularly successful. 
The subject is definitely an ‘“upperclass” one and should 
not be given, I should say, until the junior year. 
Precision of measurement is an extremely practical 
subject and is involved every time any reading— 
temperature, pressure, buret, colorimeter, and the 
like—is taken. It would appear that one can empha- 
size the practicality of the subject as well as illustrate 
its applications much more effectively when the sub- 
ject is given as a part of a course in which measure- 
ments are made, and in which measured quantities 
are used in mathematical operations and involved in 
various mathematical relationships. In the chemistry 
curriculum the course in physical chemistry naturally 
comes to one’s mind in this connection. The principles 
may be taken up as part of the lecture program with 
examples taken from the experimental work of the 
course. Practice in the application of the principles 
may then be obtained by keeping the student “preci- 
sion minded”’ at all times while he is carrying out his 
laboratory assignments. 

I presume that one can safely predict that many 
teachers of physical chemistry will strongly object 
to crowding any more material into an already crowded 
course in physical chemistry. They will argue that 
one cannot do justice to the field of physical chemistry 
in the regular course of five hours for one year, and that 
material on precision can be included only by crowding 
out something else. That is all quite true. Even 
without the inclusion of precision measurement one 
cannot cover thoroughly all of the material included 
in the average text of physical chemistry. On the 
other hand, much of the material ordinarily considered 
in the first course in physical chemistry may be classed 
as ‘“‘applied”’ and is often so superficially treated as to 
confuse the student with a mass of poorly learned facts 
and_ half-understood relationships. The question is 
one of relative importance. Discussion of subjects 
such as quantum mechanics and nuclear reactions and 
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the like, I believe, may well be postponed to a late 
course and the time so saved spent to better advantage 
in teaching the principles of precision. 

For some years at Seattle University we have beep 
including in the general course in physical chemistry 
a short but rigorous treatment of what one may call 
“practical precision.”” The objectives are (1) to train 
the student in methods of precision analysis, and (2) to 
develop in the student the habit of making a preliminary 
precision analysis every time he is required to make any 
measurement. Class discussion for the first three 
weeks (nine class periods) is devoted exclusively to 
this subject. The formal class work is then discon. 
tinued but the student is not allowed to drop the sub- 
ject abruptly at this time. In the laboratory through- 
out the year the importance of precision is emphasized 
by the instructor and the student is expected to have 
an understanding of the precision relationships in- 
volved in any experiment at hand. Also, a complete 
precision analysis is a required part of many of the 
final laboratory reports. In this way the student has 
the opportunity of obtaining experience in and develop- 
ing the habit of precision analysis to such an extent 
that we trust, every time he makes a measurement of 
any kind, he asks himself: (1) “How closely can I 
take this reading?” and (2) “How closely should | 
take it so that the requirements of practical precision 
are met?” 


TABLE 1 
Outline of Course in Practical Precision 


(1) General Principles and Definitions 
(a) Errors and uncertainty in measured quantities 
(b) Significant figures 
(c) Certain and uncertain figures 
(d) Precision and accuracy 


(2) Precision Relationships in Mathematical Operations Involving 
Measured Quantities 
(a) Multiplication and division 
(b) Addition and subtraction 
(c) Mixed operations 
(d) Operations involving logarithms 
(e) Operations involving trigonometric functions 


(3) Practical Precision Analysis in Experimental Work 


(a) General methods of precision analysis 
(b) Outlines of precision analysis for selected experiments 


The outline of the course is given in Table 1. The 
first section follows pretty much the traditional method 
of approach, but the second and third sections depart 
considerably from the traditional treatment. Con- 
sequently, the choice of textbook presented a problem 
in the beginning. Of the several texts available, not 
one was found to be satisfactory for the purposes of 
the course. Over the years there has been worked out 
a set of mimeographed notes, which at present has 
attained a size of 40 single-spaced typewritten pages. 
This appears to satisfy the requirements of the course 
as far as text material is concerned. 

The first section opens with a discussion of the various 
kinds of determinable errors and undeterminable un- 
certainties associated with the taking and recording 
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of measured quantities. This is followed by the defini- 
tion and elucidation of “significant,” “certain,” and 
“yncertain” figures, after which the terms “relative 
precision” and “decimal precision” are defined and 
a distinction is made between precision and accuracy. 

The second section is concerned with relationships 
between the precision of one or more measured quanti- 
ties and the precision of the result obtained by a mathe- 
matical operation involving the measured quantities. 
Considerable attention is given to operations involving 
multiplication and division. The ‘‘additive rule” is 
demonstrated using algebraic and geometric methods 
as well as the methods of the calculus. This is followed 
by the logical reduction of the rule to the simplified 
form: In operations involving only multiplication and 
division the relative precision of the result may be consid- 
ered to be identical with that of the least precise factor in- 
volved. Upon the basis of this simplified rule the rela- 
tive and decimal uncertainties associated with the 
result may be calculated and the result written with 
the correct number of significant figures. Students 
encounter little difficulty in understanding and apply- 
ing the above rule to the solution of problems. How- 
ever, the process involves two separate mathematical 
steps and is altogether too cumbersome for many of 
the requirements of precision analysis. It is necessary 
to devise a simplified method for determining the num- 
ber of significant figures in a result, one that involves 
only mental arithmetic on the part of the student. 
The rule most often seen in books of quantitative 
analysis is that one should retain the same number of 
significant figures in the result as is found in the least 
precise of the measured factors involved. It is easy 
to demonstrate that this rule is very inaccurate in 
many cases and it is difficult to understand how it has 
been so widely adopted. Just one example should be 
sufficient to discredit it. According to the rule the 
result of the quotient 99.8 ml./97.4 ml. would be written 
102. This result would have associated with it an 
uncertainty of 0.5 per cent, which is approximately 
ten times the uncertainty associated with the original 
factors. 

What is needed is a method both precise and simple 
and one that can be easily rationalized for the students. 
The following rule covers both the determination of the 
number of significant figures and the estimation of 
the uncertainty in the result. It may be stated in two 
parts as follows: 

(1) Continue to write figures in the result until 
there is obtained a number the size of which is at least 
as large, decimal points excluded, as the least precise 
of the measured quantities involved. 

(2) With a given relative uncertainty, the un- 


certainty in the final figure of a number is directly 
proportional to the size of the number, decimal points 
excluded. The uncertainty in the final figure of the 
result may be obtained, therefore, by a direct pro- 
portionality involving the uncertainty of the least 
precise measured quantity, the measured quantity 
itself, and the final result, decimal points excluded. 
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To illustrate the use of the rule we may consider the 
problem of calculating the area of a rectangle the sides 
of which have been measured as 39.6 cm. and 0.16 cm. 
Performing the multiplication without consideration 
of the precision relationships we may write, 


(39.6 cm.) (0.16 em.) = 6.336 sq. cm. 


The factor 0.16 is relatively the least precise of the two 
and so determines the precision of the result. The 
first figure of the result is 6 which is not as large as the 
number 16. Including the second figure we obtain the 
number 63, which is larger than 16. The result, there- 
fore, is written with two figures. The number 63 
is four times the number 16; therefore, the uncertainty 
in the final figure 3 of the result is four times that of 
the final figure 6 in the original factor. 


Uncertainty in 3 = 6) (uncertainty in 6) 


Uncertainty in 3 = (4) (0.5) = 2 


Therefore: 
(39.6) (0.16) = 6.3 + 0.2 sq. cm. 


At first sight the process may seem to be about as 
complicated as that described previously but actually 
it is not. After a little experience the student usually 
is able to carry out the calculation mentally almost as 
rapidly as the result may be written down. 

With operations involving multiplication and divi- 
sion covered the student is introduced into more com- 
plicated operations, including those involving loga- 
rithmic and trigonometric functions. This material is 
absorbed without difficulty by those students who have 
a good knowledge of differential calculus. 

The third section of the course includes the practical 
application of the principles of precision to actual 
problems of measurement. The general methods may 
be illustrated by the analysis of the determination of 
the molecular weight of a liquid by the well-known 
method of Victor Meyer. In this determination a 
sample of a liquid of weight g is vaporized in a bulb 
kept at constant temperature and the volume V of air 
displaced is measured at room temperature 7 and pres- 
sure P. The molecular weight of the liquid is calculated 
by means of the expression, ' 
gRT 


M = PV 


where RP is the gas constant, the value of which is known 
with sufficient precision. The several steps in the pre- 


TABLE 2 


Precision Analysis of Molecular oe soe Determination by 
Victor Meyer Method 


Best Relative Practical Practical 
Approx. decimal effect on decima least 
Factor size precision result, % precision count 
0.2¢. 0.0001 g. 0.05 0.0006g. 0.001g 
740mm. 0.05mm. 0.007 2mm. 1mm. 
T 300° 0.3 
40 ml. 0.05 ml. 0.13 0.12ml. 0.1ml 


Over-all Practical Precision 0.3% 
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cision analysis are indicated in Table 2. In column The results obtained from the work in precision 
one are listed the four measured quantities, the ap- have been generally quite satisfying. The students 
proximate sizes of which are listed in column two. soon become “precision minded,” so that the main 
In the third column are shown the best decimal preci- objective of the course is realized; and many are pre. 
sions possible with the instruments available and under pared to undertake almost any problem in precision 
existing experimental conditions. It will be noted that analysis that may be presented. In addition, there 
the best decimal precision of the reading of tempera- appears to be an unexpected dividend in the form of 
ture is not determined by the precision with which a a pronounced increase of interest in the experimental Ment 
thermometer may be read but by the precision with work. The students are more interested even in those # late his 
which the temperature of the air surrounding the ap- experiments that are usually classed as dull or boring, | in more 
paratus may be regulated. In the fourth column are an interest that originates apparently from a desire to and bic 
listed the relative uncertainties produced in the cal- obtain results with a precision that approaches that § field of 
culated value of the molecular weight as results of the which has been calculated. The combined results, § bution 
uncertainties in the several measured quantities. The I believe, justify the introduction of the material on Emsley 
largest of these, 0.3 per cent, fixes the over-all practical precision into the course in physical chemistry. annotat 
precision of the determination. waiede 
In column five are shown the practical decimal pre- Determination of Concentration with the Photoelectric } potanis 
cisions with which the several factors are to be meas- Colorimeter lastly b 
ured so that they may correspond to the over-all The relationship involved in the measurement of concentra. rary. of 
practical precision, 0.3 per cent, while in column six _ tion with the photoelectric colorimeter is the Lambert-Beer law, older tl 
appears the corresponding least counts with which the Log I/Iy = —ke, or ¢ = (—1/k) log I/Iy a) | Sir Joh 
measurements are to be made. In selecting the practi- Th . ae whose f 
Rip . e colorimeter has two scales, the 7’ scale and the A scale. 
cal least count - _ —— slightly better than the The per cent transmission ‘7"”” is defined by the relationship: Inger 
over-all practical precision is used whenever possible 
to prevent the accumulation of unnecessary uncer- = 1001 /Io whese 
tainties in the final result. Substituting this in equation (1) we obtain the relationship be republic 
The precision analysis of experiments involving tween the concentration and the reading on the 7’ scale: Amater 
measured quantities and final results in simple linear 2 — log T from hi 
relationships is not too difficult for the average student ee well (2) mother 
of physical chemistry. Unfortunately » Many of the The unit of the.A scale is defined by the relationship: receivec 
determinations involve mixed relationships including his hoss 
addition and subtraction as well as exponential and an -Reg by Cat 
trigonometric functions. Experience has demon- Substituting this in equation (1) we obtain the relationship be- Here he 
strated that the average student is unable to carry tween the concentration and the reading on the A scale: “geen 
out a precision analysis of such determinations without oe (3) ¢ under t 
assistance. Apparently he lacks sufficient experience 100k 1761) 
to know how to begin, what assumptions can be made, Precision Analysis. The function of a precision analysis for} (1704—] 
- and for what to solve. The last feature of the course, — this experiment is the estimation of the relative precision obtain- brief ex 
a series of outlines of precision analysis for the common able in the determination of concentration by means of the photo- seis 
: é electric colorimeter. To accomplish this it is necessary to develop 
experiments of physical chemistry, is designed to assist the relationship between the precision of the scale reading and physici 
the student in preparing precision analysis reports for that of the concentration. up his 
determinations as he encounters them in the laboratory. (a) Note which scale on the colorimeter has even divisions. correspe 
These outlines include a minimum of necessary infor- The — precision of the reading is the same at all points on leila ao 
mation as well as hints and suggestions to enable the “oO Select the proper equation from those above and solve for Reali 
student to work out the precision analyses. The out-  q,/¢., in acac 
line for the precision analysis of the determination of (c) Note the decimal precision with which the scale may be } left Bre 
concentration with the photoelectric colorimeter shown _ read and calculate the relative precision with which the concet- F 9 medi, 
below is representative of the outlines in this series. tration may be determined at several points on the scale. hod | the urg 
During the course of the year the student is required Piss surgeon 
to work out and hand in at least ten of these precision (e) Construct a curve and locate the boundaries of the region | repeates 
analyses as parts of the final laboratory reports. within which a precision of 0.5 per cent may be obtained. acquain 
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Menrionep among the “forgotten chemists” by the 
late historian of chemistry E. F. Smith,’ Ingenhousz, 
in more recent times, has been recognized by photo- 
and biochemists as an eminent early worker.in the 
field of photosynthesis. His most important contri- 
bution to science “Experiments upon Vegetables,” 
Emsley, London (1779) has just been re-edited and 
annotated by H. 8. Reed.* His life story has been 
recorded by three of his compatriots, a physician, a 
botanist, and a physicist in 1875, 1880, and 1897, and 


lastly by an Austrian botanist in 1905. A contempo-. 


rary of Priestley, Scheele, and Watt, he was 20 years 
older than Lavoisier but considerably younger than 
Sir John Pringle (1707-82) and Franklin (1706-90) 
whose friendship he greatly valued. 

Ingenhousz was born on December 8, 1730, in the 
small town of Breda, known in history as the place 
where the third war between England and the Dutch 
republic was terminated in 1675 with the loss of New 
Amsterdam to the British. He got his early training 
from his father Arnold Ingenhousz, a physician, his 
mother having died the year after his birth. Having 
received a classical education at the Latin school of 
his home town he enrolled, at the age of 16, at the near- 


by Catholic University of Louvain, to study medicine.’ 


Here he obtained his M.D. at the age of 22, whereupon 
he went to Leiden for additional training in physics 
under the renowned Petrus van Musschenbroek (1692- 
1761) and in chemistry, as taught by David Gaub 
(1704-1780), pupil and successor of Boerhaave. After 
brief excursions to Paris and to Edinburgh for special 
courses in obstetrics, Ingenhousz settled as a practicing 
physician in Breda for eight years (1757-65) and kept 
up his interest in natural science by home study and 
correspondence with leading scientists in the Nether- 
lands and elsewhere. 

Realizing that for a Catholic there was no future 
in academic milieus in his native land, Ingenhousz 
left Breda shortly after his father’s death to establish 
a medical practice in London. He took this step at 
the urgent solicitation of Pringle, who as a military 
surgeon with the English army from 1742-48 had 
repeatedly passed through Breda and had become 
acquainted with the gifted young Dutchman. In 
London Ingenhousz took an active part in smallpox 
inoculation as it was carried out in England. On 
Pringle’s recommendation Ingenhousz was appointed 
court physician in Vienna. On the way over to Austria 
he called on the Austrian ambassador in the Hague 

'Smiru, E. F., J. Cuem. Epuc., 3, 29 (1926). 


*Reep, Howarp §., “Jan Ingenhousz, plant physiologist,” 
Chronica Botan., 11, 285-396 (1949). 
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who reported to his superiors that ‘Mr. Ingenhousz 
seems to be very intelligent, well versed in the sciences 
and yet a very modest man.” 

The coming of Ingenhousz to Vienna was due to the 
fact that the Empress Maria Theresa had lost several 
relatives who were victims of smallpox and hence 
was very anxious to protect her still untouched children 
from this dreaded disease. In Vienna, where he was 
given the princely salary of 5000 florins, Ingenhousz 
was received with open arms by his fellow Dutchman 
Gerhard van Swieten (1700-72), likewise a court 
physician who had left his native land in 1745 be- 
cause as a. Catholic he was unacceptable to succeed 
his teacher Boerhaave. 

Ingenhousz was successful in the inoculation of the 
Empress’ children and the reputation thus acquired 
played an important role in securing him the leisure 
required to pursue his avocation as a student of nature. 
In the introduction to his first major publication he 
writes: 

The study of nature does not enrich the observer. If I were 
looking for gain, I would have abandoned this pursuit to foilow 


the path of fortune which fate had opened to me. The work of 
the spirit cannot be forced on us like manual labor. 


Ingenhousz’ life as a scientist would have been rather 
dull if it had not been for his insatiable desire to travel 
which brought him much-needed distraction from his 
labors as a naturalist. He was very fond of England 
which, at that time, was very productive in scientific 
achievements. In 1769 he visited Tuscany, and the 
next year Elba, Switzerland, Paris, and Holland. In 
1771 he visited his old friend Pringle who introduced 
him to Franklin, at that time agent in London for the 
colonial assemblies of Pennsylvania, Georgia, New 
Jersey, and Massachusetts. Together with Franklin 
and his grandnephew and an English friend John 
Canton, Ingenhousz traveled to the north of England.* 

In 1772 Ingenhousz returned to Vienna. In 1775 
he married the sister of his Dutch colleague von Jac- 


- quin, a professor of botany at the University of Vienna. 


The problem on which Ingenhousz had been working 
since 1773 finally found a solution in 1778 on another 
visit to England, where he had the time and the means 
to make an exhaustive study of the relations between 
plants and the atmosphere. The problem is well 
stated in Ingenhousz’ own words :* 


3 Carl Van Doren in his ‘‘Benjamin Franklin’s Autobiographical 
Writings,” New York, 1945, p. 208, states that no record of this 
important journey has been left except in a brief letter of Franklin 
to his wife. 

4 Reep, Howarp &., op. cit., p. 348. 
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If the faculty which plants possess of yielding dephlogisticated 
air, of correcting foul air, and improving ordinary air, depended 
upon their vegetation, they would exert it at all times, and in 
all places in which vegetation goes on. A plant may vegetate 
and even thrive very well, in the utmost darkness; and yet in 
such a place it has no power to correct bad air, or to yield good; 
but on the contrary, it spreads round about it deleterious exhala- 
tions, which render the best air even pernicious to the utmost 
degree. 

It will not be difficult to understand now from what cause all 
those different and contrary effects which Dr. Priestley has found 
in his experiments did really depend; and why Mr. Scheele had 
constantly found that the vegetation of beans always spoilt good 
air. 


Priestley had previously performed some experiments 
on a cucumber placed in a bell jar full of air which had 
become vitiated by the respiration of animals, and had 
found that when the enclosed gases were tested they 


were again fit for respiration and supported combustion. . 


However, he could not always repeat this experiment. 
Sometimes the air was purified, sometimes it was not. 
Ingenhousz found the solution by showing that only 
the green parts of plants purify the air, and only in 
sunlight. Like a great many early philosophers he 
assumed that the process was designed primarily for 
the respiration of animals, more particularly for the 
climax of creation, man himself. That plants, espe- 
cially those in flower, in the shade secrete ‘“‘concealed 
poison” was known to Ingenhousz although he did 
not realize that this poison (CO2) arises from the proc- 
ess of respiration, common to all living cells, both 
plants and animals. The conclusions which Ingen- 
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housz reached in his “Experiments upon Vegetableg’ 
involved him in heated controversies not only with 
Priestley, who evidently did not differentiate betwee 
the two processes of gas evolution, but also with ap. 
other noted clergyman and amateur-scientist, Jegy 
Senebier of Geneva (1742-1809). The latter carrigj 
out extensive experiments on the influence of sunlight, 
particularly on plants, which were published in foy 
volumes. Plotnikow in his “Allgemeine Photochemie’ 
(Leipzig, 1920) completely ignores Ingenhousz and calls 
Senebier one of the most important and talented rep- 
resentatives of pure photochemical research. On the 
other hand, Dhar in his “Chemical Action of Light” 
(London, 1931) gives due credit to Ingenhousz’ dis 
covery. 

Ingenhousz’ scientific achievements, which were 
rewarded in 1779 by his election as Fellow of the Royal 
Society, extended also to the rapidly advancing fields 
of physics and chemistry. In 1778 he discussed 
before the Royal Society Franklin’s theory of positive 
and negative electricity, and the next year in another 
lecture described an improved apparatus for generating 
frictional electricity. Noting the close analogy be 
tween heat conductance and electrical conductance 
he set up an apparatus for measuring the heat conduet- 
ance of various metals. For this work he tried to enlist 
the cooperation of Franklin, at that time (1780) re 
siding in Paris. Lack of time prevented the execution 
of this plan and Ingenhousz returned to Vienna to carry 
out the work alone. This research, for which he gave 
Franklin full credit as originator, was later fully con- 


‘firmed by Wiedemann and Franz. 


Little needs to be said of the purely chemical ex- 
periments performed by Ingenhousz, such as the com- 
bustion of camphor, phosphorus, iron, and steel in 
what was then called “dephlogisticated air,” in which 
he took great delight. The types of apparatus which 
he used were all of the conventional kind and showed 
no special features. 

A number of his miscellaneous papers on physical 
and medical topics were published in Vienna in 17$ 
and the next year a volume on “Further Experiments 
in Physics” was issued in Paris with a dedication to 
Franklin. The relations between Ingenhousz and 
Franklin were very close at that time. In a letter of 
January 14, 1785, Franklin writes: 

... and let me know soon if you will make me happy the little 
remainder left me of life, by spending the time with me 
in America. I have instruments, if the enemy did not destroy 
them all] and we will make plenty of experiments together. 

The library of the American Philosophical Society 
in Philadelphia contains a few Franklin and Ingenhoust 
items which are illuminating. Franklin, in his capacity 
as ambassador to France, wrote, previous to his return 
to America in July, 1785, the following passport: 

. .. to all commanders of armed vessels, to let Dr. Ingenhouss 


go on his private affairs, to the United States to return to the 
continent within six months, and as he is a person of distinguished 


5 A page from this letter is reproduced in Chronica Botan., 1, 
380 (1949). 
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merit, long known to me and my intimate and dear friend, I 
recommend him particularly to your civilities, assuring you that 
[shall esteem and acknowledge them as done to me. 


Ingenhousz, through his relations with Franklin, 
had been in touch with a Mr. Wharton to whom he 
had delivered £8000 for investment in the United States. 
It seems that this sum of money was a total loss for in 
Franklin’s last letter to Ingenhousz dated February 11, 
1788, we read: 


I am truly sorry for the losses you have met with in your at- 
tempts to make profit by commerce in this country. 


Ingenhousz in his reply of October 24, 1788, says: 


This money was ‘invested in the hope of being able to live in 
the new world on the proceeds of this investment. I am not rich 
enough to bear such a great loss if Mr. Wharton should prove to 
be a dishonest man. 


It is not certain whether Ingenhousz was on his way 
to America when he arrived in Paris on the day of the 
fall of the Bastille (July 14, 1789). Here he received 
word of the death of his brother which forced him to 
go to Breda., Being an Austrian citizen he was in 
danger of being captured by the French revolution- 
aries and hence he tried to reach England instead of 
returning to Austria. After a hazardous trip he arrived 
in London where hé learned of the death of Franklin. 
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Owing to the nerve-racking experiences he had gone 
through on this last trip, his health broke down and 
he decided to remain in England until peace was re- 
stored. Part of the year he stayed in Herforth with 
his friend Dinsdale and spent the remainder of the time 
at Bowood, the country residence of the Marquis of 
Lansdowne (Earl of Shelburne). Here he was offered 
a room, known as “the laboratory,” to carry out some 
additional experiments on the nutrition of plants, the 
results of which were published three years before his 
death in 1799. He was buried in Calne. His wife, 
to whom he had left his not inconsiderable fortune of 
30,000 florins, died the next year. 

Ingenhousz was well thought of by his contempo- 
raries. Franklin speaks very highly of him in several 
letters and Alexander von Humboldt in the introduc- 
tion to the German edition of his last work states: 


Mr. Ingenhousz belongs to the small group of active physicists 
who possess the fruitful talent of being able to study with admi- 
rable energy separate topics and connect them harmonically with 
phenomena already known. 


A bust of Ingenhousz, carrying the inscription “Qua 
ratione plantae alantur primus perspexit,”’ is found in 
the arcade of the main building of the University of 
Vienna, next to those of his illustrious compatriots 
van Swieten and von Jacquin. 


INTERESTS' 


Many of us who are concerned with the teaching of 
general chemistry are frequently presented with re- 
quests—if not demands—by other departments or 
schools for special courses for different groups. Stu- 
dents in engineering, agriculture, home economics, 
police administration, hotel administration, nursing, 
schools or departments as well as premedical and pre- 
dental students and majors from other science fields 
come to chemistry departments for a chemistry course 
that will be of particular use to them in their chosen 
field. That the title of the first course is usually 
“general chemistry” is often overlooked. 

Many chemistry teachers believe that the most last- 


1 Presented before the Division of Chemical Education at the 
120th Meeting of the American Chemical Society in New York, 
September, 1951. 
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ing service they can render these students is to give 
them some understanding of basic principles that are 
generally applicable to any chemical situation or prob- 
lem. The principles of chemistry are the same re- 
gardless of the field of application, and hence the very 
logical argument for one introductory chemistry course. 
That these principles may not be simply applied to 
complex situations is apparent to anyone with a pro- 
fessional training in chemistry. The novice, the 
student who takes but one course, and that only be- 
cause it is required by his chosen curriculum, is soon 
complaining that he can see no relation between an 
isolated principle, carefully insulated from undesirable 
variables, and the more complex problems of his 
applied field whether it be in the dairy, kitchen, hos- 
pital, or elsewhere. 
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The student often wants to know what is the best 
water softener, paint remover, radiator cleaner, soap, 
cosmetic, depilatory, cigarette, laxative, storage bat- 
tery, or what have you. This point of view is held 
despite the fact that conditions of use vary widely and 
the best answer today is obsolete tomorrow with the 
development of new products. 

Although it is by no means uniform practice, pre- 
medical, predental, and engineering students, pro- 
spective chemistry majors, and for the most part sci- 
ence majors from other fields respond well to a good 
general-chemistry course. 

There is, however, less satisfaction expressed by 
majors from the fields of home economics, nursing, 
agriculture, and others that require some knowledge 
of biochemistry for which only a very limited time is 
allowed in the curriculum. It is with this latter group 
that I am particularly concerned at the moment. 

If we attempt to analyze the complaints and look 
behind the symptoms for the causes, a number of 
sources of trouble become apparent. For convenience 
I choose to group these into the following categories: 
insufficient preparation, student immaturity, improper 
counseling, insufficient time allotted to attain stated 
objectives, and failure to use the prescribed chemical 
foundation in later courses in the applied field. 

Insufficient preparation for a general-chemistry 
course is nothing new. Student difficulties with reading 
and arithmetic have long been with us. Either these 
problems are increasing in frequency, or our powers 
of diagnosis are improving, or both. An increasing 
number of chemistry departments are using aptitude 
tests that are essentially arithmetic and reading tests. 
The data obtained from these tests give direct evidence 
of too frequent lack of the tools of learning among the 
students admitted to college. Many schools are operat- 
ing noncredit clinics where these deficiencies may be 
removed. The erection of these filters in front of the 
general-chemistry course, porous as they may be, 
materially reduces the number of failures. 

Student immaturity, as evidenced by lack of purpose 
and a knowledge of the techniques of effective study, 
is not peculiar to chemistry students. Since chemistry 
was moved from the freshman to the sophomore year 
in the curriculum for most agriculture students at 
Michigan State College the ‘‘gripes’”’ have largely dis- 
appeared. These students have had a year’s experience 
with college study and other departments have effected 
the inevitable and disagreeable weeding process. 

Much good work is being done by counseling arrange- 
ments of various kinds. Difficulties due to poor coun- 
seling can usually be ascribed to a lack of communica- 
tion between counselor and the teacher who sometimes 
is forbidden to counsel with his students because he 
has not been professionally trained in this work. This 
is particularly acute when it occurs in the sciences where 
the professional counselor may have no personal or 
intimate knowledge of the field represented by the 
students’ interests. 

The general-education requirements now being im- 
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posed upon all students at various institutions, added 
to the specific requirements frequently laid down by 
professional societies and accrediting agencies, have 
developed tremendous pressure on the curriculum of 
many students. It is no wonder that the word “jn. 
tegration” has skyrocketed in popularity. The ip. 
crease in our knowledge of chemistry and our desire 
to tell as complete a story as possible, has collided head 
on with the expanding list of requirements presented to 
students. Would it not be preferable to try to teach 
less and teach it better? 

If the department that requires a chemistry course 
fails to use it later, the students soon realize this and 
resent the imposition of an apparently unnecessary 
academic hurdle. This resentment naturally spills 
over on the chemistry instructor and increases the 
difficulty of his job. 

The argument for the single general-chemistry course 
implies ‘a reasonable degree of uniformity of student 
preparation, of intellectual maturity, of purpose, and 
of the desire for some degree of mastery of the material 
presented. The extent to which this uniformity is 
present, of course, depends upon the admission re- 
quirements and procedures of the particular institu- 
tion. Even the casual observer must note the similar- 
ity between the changes that took place in secondary 
education a generation ago and those that are now 
taking place in the colleges. The increasing percentage 
of the population that seeks higher education, coupled 
with the trends in what is called “general education” 
bring to our doors more students with less uniform 
preparation and purpose. Despite this increase in 
numbers, only a minority of high-school graduates go 
on to college, and college preparation is not the main 
concern of the secondary teacher. 

Reversing the habits of the ostrich, we may hide our 
heads in our ivory towers and teach only those who 
come to us on our terms. If this is to be our pro- 
cedure the work will be taken up by others. 

Schools of nursing in colleges and universities are in 
the process of devising their own “integrated science 
course” where the student deals with ‘whole problems.” 
Such chemistry as the professional nurse is to study is 
covered within the framework of this course. One pro- 
fessed objective of this course is to save time in an 
overcrowded curriculum and to allow more time for 
social sciences. As a part of a training program for 
nurses, this is no concern of the college chemistry 
teacher but along with this development there is in- 
creased emphasis upon the nurse as a professional per- 
son, and if the objective is a professional education 
capped with a baccalaureate degree, the program might 
be strengthened by the contributions of a competent 
chemistry teacher. 

The State Department of Education is putting pres- 
sure on one school of home economics to offer its own 
introductory chemistry course. This is indicative of 4 
trend which is spreading like a Washington Bureau. 

Some of the criticism directed at many conventional 
chemistry courses are justified. For example, lack of 
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joint planning with other departments served, duplica- 
tion of subject matter, and blind adherence to assumed 
conventions. The remedy, however, would seem to be 
the correction of faults where they occur and not the 
complete disregard of what has been learned about 
chemical education to date. In my opinion it is much 
easier for a competent teacher to modify his presenta- 
tion than it is for a novice to teach chemistry. Does it 
necessarily follow that illustrations of principles taken 
from the activities of the nurse or homemaker will be 
any less effective than those from the contact process 
for the production of sulfuric acid? 

If chemistry is to be taught, let it be taught by a good 
teacher who thoroughly understands his students, their 
objectives, the objectives of the curriculum in which 
they are enrolled, and chemistry! 

Many of our present difficulties would be avoided if 
we would distinguish clearly between training and 
education, between some familiarity with a special 
vocabulary and an understanding of the principles that 
describe the behavior of all matter. Those who pre- 
scribe special curricula must make this choice. Train- 
ing, if it belongs in a college curriculum, is best per- 
formed by the specialist who can mold it to the applied 
field. Chemical education is best directed by those 
chemists who are also good teachers. 

The chief criticism of textbooks for special courses 
from the writer’s point of view are twofold. They con- 
cern accuracy and the mass of material presented. A 
sampling of these from the shelf of desk copies in almost 
any chemistry department office will show that all too 
frequently the presentation is similar to that found in 
more conventional general-chemistry texts of a genera- 
tion ago. It is rather obvious that many of these 
authors while practicing in applied fields have not kept 
abreast of fundamental chemical theory. One book 
with a recent date line has the following statement: 
“According to Raoult’s Law, the depression of the vapor 
pressure is proportional to the number of molecules of a 
solute dissolved in a given volume of solvent. Thus, by 
doubling the number of molecules of solute, the vapor 
pressure of the solvent is doubled.” I have heard an 
instructor insist, over the objections of his students, 
that bricks are organic in nature because they turn 
black when a building burns. I have also heard that 
there is air in only a small part of a lamp bulb since 
most of it has been pumped out. Errors are no novelty, 
but if chemists refuse to help special groups they are 
contributing to the dissemination of misinformation. 

The second and more insidious fault is in the bulk of 
material presented without any attempt at real under- 
standing. The questions at the end of chapters in such 
books are either strictly factual or require a dogmatic 
repetition of a statement of principle without adequate 

explanation being offered, and without real understand- 
ing being attained. 

Detailed descriptions of the individual metals, their 
metallurgy, compounds, and uses have largely been 
abbreviated and in many cases reduced to a general 
treatment in a chapter or two in the present-day texts, 
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‘as the inclusion of more theory has required additional 


space. Is there not much further opportunity for dele- 

tion rather than condensation? 
I should like to see a text for nonchemistry majors 

that: 
(1) stresses the relationship between structure and 
properties of substances with suitable illus- 
trations. And incidentally, one that mentions 
molecules of sodium chloride no more fre- 
quently than they are encountered in the 
laboratory. 

gives to the concept of equilibrium an emphasis 
comparable with its importance in understand- 
ing chemical systems. 

shows the student something about his environ- 
ment and frankly does not try to tell him all 
about it. 

will give the student_a comprehension of the 
chemical nature of typical substances and 
suggest to him where he can find specific 
answers when needed. 

states facts to be learned and ideas to be ex- 
plored in a measure commensurate with the 
time available. 

will challenge the student to continue on his 
own without demanding the impossible in a 
period of 12, 16, 24, or 36 weeks. 


(2) 
(3) 


(4) 


(5) 


(6) 


There is another point at which just criticism may be 
leveled at chemistry departments. The proper de- 
velopment of the special course requires more than 
average insight into the essential nature of our world, 
its physical structure and composition. This can only 
be accomplished by marshaling the best brains avail- 
able. How much of the present difficulty has been 
brought about by a tendency to shunt off onto less 
active members of the faculty the responsibility for 
special courses because the students may be less critical? 
How often has the treatment of such a course been 
given a minimum of thought and time because promo- 
tion, academic “respectability” and reputation depend 
upon the list of publications rather than the number of 
students inspired? 

There is no suggestion made here that we compromise 
in any way the general-chemistry course for students 
who can use the regular course in general chemistry. 
The question is what shall we offer, if anything, for 
those who for one reason or another do not find the 
time, the inclination, or the opportunity to take the 
regular course in general chemistry? 

It has been pointed out by many others that we are 
alarmingly short on fundamental research and are not 
training enough students with the capacity and will to 
carry out these most important functions. Our strength 
in the past has been our capacity to adapt the funda- 
mental discoveries from many countries to mass pro- 
duction in our own. The A. C. 8. and many other 
organizations are trying to educate the general public 
to the need for truly fundamental research and to ob- 
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tain support for it. Where is a better opportunity to 


be found than in the classroom, with a large group of 
students who, while not potential professional scientists, 
could constitute an informed segment of the population 
aware of the significance of chemistry in particular and 
science in general in our civilization? 
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Some objective thinking and study are needed to 
determine who should take chemistry and how much, 
Those making curricula should be encouraged to deter. 
mine objectively what chemistry has to offer their 
students and to weigh its advantages against what must 
be omitted to make room for it. 


* THE LONG FORM OF THE PERIODIC TABLE 


Ir 1s a matter of very considerable interest to learn 
that Professor Coryell (7) has proposed independently 
a long form of the periodic table similar to the one pub- 
lished by us (2). In an article on “The periodic table: 
The 6d-5f mixed transition groups’ (3) Coryell men- 
tions a number of interesting-points which have to do 
with the problem of drawing ‘‘tie-lines’’ between ele- 
ments in the table. In this respect Dr. Coryell differs 
with us in certain cases. At the outset it should be 
said that different authors will very likely differ in the 
way these tie-lines should be drawn. It is a matter of 
opinion and judgment whether or not a tie-line should 
be a heavy printed line or a dotted line. As a matter of 
fact it would be desirable to shade these tie-lines in 
varying degrees to indicate the different relations that 
exist between the elements in question. Coryell points 
out that the limitations of typography restrict the 
possible shadings of meaning it would be desirable to 
convey by their use. 

It has already been pointed out in the previous 
publication (2) that any form of the periodic table 
at best will give only an approximate guide to the physi- 
cal and chemical properties of the elements. Minor 
differences in the structure of the table will be due to 
personal preferences of the various investigators. 
Perhaps the only thing that can be asked of a periodic 
table is that it would be simple, instructional, and in- 
clude all the known elements in a single framework. 

In these respects there is essentially no difference 
between our modification and that proposed by Coryell 
(1, 3). For example, the position of the neutron can 
be chosen as suggested by Coryell or by us. It is 
located above helium in the latter’s table. Its position 
in a “zeroth” row seems to be a matter of choice. 

The positions of thorium, protactinium, and uranium 
in the periodic table have been debated for a long time. 
Recent chemical investigations indicate clearly that 
chemically these elements are homologues of hafnium, 
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tantalum, and tungsten. Thus the tie-lines proposed 
by Coryell between these elements are definitely justi- 
fied. However, it is well known that the inclusion of 
the spectral terms of the ground state of atoms in the 
periodic table shows that the elements of the same 
column usually have the same spectral terms. 

Although it is not certain that thorium and protac- 
tinium have any 45f electrons, Schuurmans (4) found by 
spectroscopic observation, that uranium has three 5f 
electrons in the neutral atom. It is therefore an elec- 
tronic homologue of neodymium and some recognition 
of this fact probably should be given in the periodic 
table. 

Another recent publication (5) shows that the spectra 
of europium and americium are quite similar in appear- 
ance and that, therefore, it is very probable that ameri- 
cium has seven 5f electrons. Therefore, although there 
is very little chemical similarity between the two ele- 
ments, a tie-line between them is again justified. _Per- 
haps the solid tie-line between tin-hafnium, antimony- 
tantalum, etc., should be replaced by dotted ones. 
However this equally well applies to the tie-line be 
tween copper-silver-gold or between cesium-francium. 
In these cases the chemical and physical properties of the 
elements show much greater variation than, say ele 
ments of the halogen group. It may be possible to 
improve the periodic table by varying the shading of 
the tie-lines to indicate different degrees of relation- 
ship between elements. However, such shading would 
certainly vary from author to author. 
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* PROTON WAVES 


Tr 1s the purpose of this note to draw attention to 
certain features of the wave-mechanical interpretation 
of atomic structure which appear to have a certain 
novelty although they are implicit in standard treat- 
ments. 

In order to prepare the ground the analogues of these 
features in Bohr’s theory of the hydrogen atom will 
first be discussed, relativity corrections being omitted. 
As is well known, the energies are correctly deduced if 
the electronic mass is replaced by the reduced mass and 
the latter is imagined to be attracted to a fixed center 
placed at a distance equal to the interparticle distance. 
This treatment obscures 
what is actually imagined 
to happen according to 
Bohr’s theory, since both the 
nucleus and electron rotate 
about the mass center, as - 
shown in the figure for cir- 
cular orbits, the two par- 
ticles preserving the distance 
between them as if joined by 
arigid rod. If m and M are the masses of electron and 
nucleus, 7, and rz their distances from the mass center 
and r the interparticle distance, 


M m n*h? 


where yu is the reduced mass and n the principal quan- 
tum number. Hence : 

~ deme? ~ 


Since the Bohr radius, h?/(42?me?), is equal to 0.53 A, 
it follows that for large values of n, rz will be appreciable. 
Thus if n = 8, which corresponds to the experimentally 
known term value 1714 cm.~', rz is approximately 0.02 

.and, if n = 50, r2 is +0.7 A. 

On the emission of light both the electronic and 
nuclear orbit must simultaneously contract, a rather 
curious but inescapable result. A similar treatment may 
be given for elliptical orbits, both particles describing 


‘such orbits round the mass center, so that the maximum 


value of rz may be appreciable for high eccentricity. 

In the calculation of magnetic moments it is worth 
noting that the replacement of electronic by reduced 
mass gives incorrect results. This arises from the fact 
that both particles contribute to the orbital magnetic 
moment, the total moment being ew/2c (71? — 12?) 
for circular orbits, where w is the angular velocity and 
where the negative sign arises from the fact that elec- 
tron and nucleus are oppositely charged. The orbital 
angular momentum is 
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mr + Mre2w = = nh 


Hence the ratio 
angular momentum = 2Qucr? Quc(m + M)? _ 
orbital magnetic moment = e(m? — mje 
2mMc 
e(M — m) 
This ratio is usually quoted as 2mc/e and if m were 
replaced by uw we should obtain an incorrect result. 
Likewise the orbital magnetic moment is 
nhe (M — m) 
M 


instead of the usually quoted value, 
nhe 


It follows that the ratio of spin magnetic moment to the 
orbital magnetic moment is not 2, but 2M/(M — m). 

In a similar way the diamagnetic susceptibility due 

to an electron and a proton, both of which describe 

circular orbits, is not —e*r?/(4mc?), as applies to an 

electron alone, but 

re? —e? (M* + 

4c? \m * M “4c? mM(m + M) 


r2 


Although these corrections are small they could give 
rise to observable effects and they bring out the ad- 
vantage of treating the two particles in an equivalent 
fashion, a principle which it is the purpose of this note 
to emphasize, and which may be carried over to the 
wave-mechanical treatment. The wave equation for a 
hydrogen atom may be separated into an equation de- 
scribing the motion of the mass center and one involv- 
ing the reduced mass. As an example of the solution 
of the latter equation we may quote 


(ground state) (= 


where ad) = gives the probability of 
finding an electron in an element of volume dr distant 
r from the nucleus where ¥* is the complex conjugated 
y. All this is of course correct, but the usual treatment 
then goes on to consider electron distributions round a 
fixed nucleus, instead of treating the two particles in an 
equivalent manner. This may be done for a fixed 
mass center by the use of the consideration that yy*dr 
gives the probability of finding an electron in an ele- 
ment of volume dr distant r, from the mass center and 
at the same time the probability of finding the nucleus 
in the element of volume dr distant r. from the mass 
center, the two particles and the mass center lying on 
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the same line. If this were not so, the mass center 
would not remain fixed. The wave functions describ- 
ing the behavior of the electron and the nucleus are then 
obtained by replacing r by the equal values 


m+M 
and 
m 
giving 
1 3/9 (M+m) ri 
y (electron) = e Ma 


1 \3/2 _ (m+M) 
(nucleus) = (=) e mao 


These two functions are equal when r; and rz are given 
their appropriate values, but they may be considered 
separately as giving the y values as functions of all 
values of r; and rz, and they are of course not equal at 
equal distances from the mass center. The nuclear 
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function decays much more rapidly than the electronic. 
The nuclear “cloud pattern’’ is thus a kind of shrunken 
version of that due to the electron. Similar results are 
obtained for excited states, for which the wave fune. 
tions contain as factors polynomials in r. 

We thus have the result that the nuclear cloud js 
spread over the whole atom, just as is the electron cloud 
and at first sight the interpenetration of these tee 
clouds seems unlikely. Such a view overlooks the 
statistical nature of the cloud patterns, and it is clear 
that the proton and electron always lie on opposite 
sides of the mass center. We thus have the idea of pro- 
ton waves permeating the atom, and it follows that any 
discussion of the combination of two hydrogen atoms 
in terms of atomic electron-wave functions should also 
allow for the proton waves. This is not likely to lead 
to any serious correction to energy values. The way is 
opened up, however, for the concept of proton waves 
spreading throughout a molecule, albeit with very great 
attenuation, and we have here a possible factor in proto- 
tropic changes in chemistry. In principle the effects 
will apply to other nuclei but will be much smaller than 
for hydrogen. 


T'ue usual treatment of phlogiston in freshman chem- 
istry texts gives the impression that it was an absurd 
notion and that people were rather foolish to hold it. 
Admittedly it was a false system, was not quantitative, 
and could not become so without increasing its compli- 
cations. But it did predict qualitative results rather 
well and it was used by such competent persons as 
Scheele, Priestley, and Cavendish in organizing their 
thought and in planning their work. 

Since phlogistonism never became a quantitative sys- 
tem, the following account will not attempt to adjust 
itself to the quantities of material used and produced. 
However, equations will be written to make them agree 
with the Law of Conservation of mass, which was 
tactily in the minds of many eighteenth century chem- 
ists. Also, since the whole procedure is very anach- 
ronistic it is adapted to a number of reactions which 
perhaps were unknown to Scheele in 1774 when he wrote 
his text on “Fire and Air.”” They are: (1) oxygen and 
hydrogen form water, (2) metal oxides and hydrogen 


* QUALITATIVE ADEQUACY OF PHLOGISTON 


JOHN HOWE SCOTT 
Macalester College, St. Paul, Minnesota 


form water and the metal, and (3) steam and carbon 
form hydrogen and carbon monoxide. Otherwise, it 
generally follows Scheele in his theory of fire and air. 
Heat is represented as the union of oxygen and phlogis- 
ton, one of the basic points in his theory. 

Modern chemists are accustomed to discussions 
illustrated by equations based on formulas which show 
the constitution of substances. This is perhaps one of 
the reasons why it is so difficult to read the papers of the 
phlogistonists. Their names for the various substances 
are unfamiliar or misleading and there is very little 
effort to formulate reactions by equations. The author 
has felt that an adaption of the modern Berzelian sym- 
bolism to the phlogiston theory would make it clearer to 
students of elementary chemistry. The following sym- 
bolism has been devised. Phlogiston is represented by 
the Greek letter phi, 6. Oxygen is Fa from Scheele’s 
name fire air. Heat, being the compound of fire air and 


phlogiston, is Fa@. Water is W and hydrogen, W. 
For metals, the calxes are represented by the modern 
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symbols with an X placed before them. Thus zinc oxide 
js XZn and zine is XZn®. Iron was known to Scheele 
in both ferrous and ferric states. XFe will have to be 
ferric oxide; XFe®, ferrous oxide; and XFe®, iron 
metal. ‘The same system could be used for any metal of 
multiple valence, but it has seemed to the author that 
one metal was enough to illustrate this possibility. 

The acids and the nonmetals present a greater com- 
plication. Scheele knew that nitric oxide, nitrous acid, 
nitrogen dioxide, and nitric acid stood in that order. 
He also knew that ammonia was converted to an inert 
gas by oxidizing agents and Cavendish connected ni- 
trogen to nitric acid. So, based on the old name aqua 
fortis, the following formulas result: 


Nitric acid Af Nitric oxide Af, 
Nitrogen dioxide Af® Nitrogen Af@, 
Nitrous acid Ammonia 


Similarly, sulfuric acid (oil of vitriol) and carbonic acid 
(aerial acid) and their reduction products are 


Sulfuric acid Ov Carbon dioxide Aa 
Sulfur dioxide Ove Carbon monoxide Aa® 
Sulfur Ov®, Carbon Aa®, 
Hydrogen sulfide Ove; 


Chlorine has its modern symbol and hydrochloric acid 
is Cl. 

One further explanation is perhaps necessary. The 
hydrogen theory of acids is far in the future. It was 
known that acid anhydrides held water firmly and that 
quick lime took on water to form slaked lime. These 
were looked on as compounds in which the water contin- 
ued to exist independently. In other words, water 
was bound as a water of hydration and was neglected 
unless its presence altered the results obtained. 


Salts were a combination of a calx and an acid, thus: 
Zine sulfate XZn.Ov Mercuric chloride XHg.Cle 
Zinc nitrate XZn. Af Ferrous chloride Fe. Cle 
Zine sulfite XZn.Ov Ferric chloride XFe.2Cl® 
Zinc nitrite XZn. 


Ferric chloride is formulated XFe.2Cl@ because of 
the following reactions: 


XFe@. + Cl XFee.Cle 
tron chlorine ferrous chloride 


XFe®.Cle + Cl — XFe.2Cle 
ferrous chloride chlorine _ ferric chloride 


Based on this symbolism one can write the following 
equations: 


Metal oxides and salts react with acids 


XCa + Ov > XCa.Ov 
calcium oxide sulfuric acid calcium sulfate 
XNa.Cl@ + Ov XNa.Ov + Cle 
Sodium sulfuric sodium hydrochloric 
chloride acid sulfate acid 
Metals with dilute acids 


We + XFed.0v 


XFe@, + W + Ov 
hydrogen _ ferrous sulfate 


tron water sulfuric acid 


Note that the dilute acid furnishes the water for the hy- 
drogen. 


If water is absent, one gets such reactions as 
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XZn® + 20v —> XZn.Ov + Ov 
zinc sulfuric acid sulfate _—_sulfur dioxide 
2Af KXAg.Af + Af® 
silver nitric acid _ silver nitrate nitrogen dioxide 
3XCu@ + 4Af 3(XCu.Af) + Afe 
copper nitric acid copper nitrate nitric oxide 
Metals with salts 


XZn@ + XCu.Ov — XCu®@ + ZXn.Ov 


zinc copper sulfate copper zinc sulfate 
+ XAg.Af — XAg@ + XCu.Af 
copper __ silver nitrate silver copper nitrate 


Scheele had previously studied arsenic trioxide and 
manganese dioxide. In these investigations he had 
observed that increasing amounts of phlogiston con- 
verted an acidic substance into one which had basic 
properties. He had prepared potassium manganate 
and had seen the color of permanganate in solution. 
He had observed that manganese dioxide would not 
give colorless solutions in acids unless it was reduced to 
the manganous state. Using Pm for permanganic acid, 
the following formulas and equations result : 


Permanganicacid Pm  Manganesedioxide 
Manganic acid Manganous oxide 
+ Af reaction 
manganese __ nitric 
dioxide acid 
Pm¢, + — Pmé@,.Af 
manganese nitrogen manganous 
dioxide dioxide nitrate 
Pm® + Ov® — Pmé@;.Ov 
manganese sulfur manganous 
dioxide dioxide sulfate 
Pm®, + + 20v Pm@,0v + XFee-Ov 
manganese iron sulfuric manganous ferrous 
dioxide acid sulfate sulfate 
2Pm#, + 4(Cl®) 
manganese hydrochloric 
dioxide acid 


Pm®,.2(Cl@) Pm4;.Cl@ + Cl 


manganic manganous — chlorine 
tetrachloride chloride 
(brown ) (colorless ) 


Scheele discovered chlorine by this last reaction and 
described its properties and its reactions with metals. 
In all of these reactions manganese dioxide is represented 
as gaining phlogiston from some substance. Scheele 
noted that when manganese dioxide and sulfuric acid 
were heated to a high temperature the manganese dis- 
solved, forming manganous sulfate. 

+ Fat Pm®;.0v + Fa 


heat manganous oxygen 
sulfate 


Pm® + Ov 
manganese sulfuric 
dioxide acid 


Where did the necessary phlogiston come from? He 
believed that it came from the heat and that the same 
reaction was not possible with more volatile acids since 
they were boiled off before the proper concentration of 
heat was reached. Further investigation showed that 
the other product of this reaction was a gas which was a 
notable supporter of combustion. This gas he called 
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fire air and it is symbolized in the equation with Fa. 
Note that fire air is oxygen and not phlogiston. He 
went on to heat other substances which he knew could 
be reduced and obtained the same gas from these reac- 
tions also. The calxes of gold and silver behaved simi- 
larly to that of mercury. 


XHg + Fat ~ XHg@ + Fa 

calx of heat mercury oxygen 
mercury 
Af + Fab > Af + Fa 


nitric acid heat nitrogen dioxide oxygen 


XK.Af + 2(Fa®) XK.Afo + 2Fa 
potassium heat potassium oxygen 

nitrate nitrite 
This final reaction, even though the temperature caused 
the glass retort to soften, was described by Scheele as the 
cheapest way of preparing oxygen. 
Scheele believed that heat was a substance, and the 
passage of the subtle particles of heat through the solid 
glass was only a marvel and not an objection to the 
theory. Light was a higher state of phlogistication and 
he showed that it acted on silver chloride suspensions to 
form silver and hydrochloric acid. Heat alone would 
not accomplish this. 


XAg.Cl@ + Fat, XAgd + Cle + Fa& 
stlver light silver hydrochloric heat 
chloride acid 


Scheele went on to demonstrate the composition of 
heat synthetically to accompany his analytical demon- 
strations. Fire air should remove phlogiston from sub- 
stances and form heat. He tried a large number of sub- 
stances, but a few will suffice to show the nature of his 
thought. 


Fa — 
oxygen 


Ov®, + Ov® + Fae 
sulfur sulfur dioxide heat 


+ 2Fa — Ov + 2(Fa®) 
sulfur oxygen sulfuric heat 


XCu®@+ Fa — XCu + Fad 
copper oxygen copper oxide heat 


XCa.Ov®;.Ov®, + 3Fa XCa.Ov + + 


calcium polysulfide oxygen calcium sulfur 
(“liver of lime’’) sulfate 
XFe@, + 2Fa + W XFeW + 
iron oxygen water erric 
hydroxide 


The last reaction went especially well when the iron fil- 
ings were moistened with water. So the reaction between 
the calx of iron and water merits notice in the equation. 
The last two reactions were very slow and did not be- 
come hot to touch, but Scheele demonstrated by the use 
of a thermometer that heat was liberated in them. 

Scheele considered two other interpretations of these 
reactions. One was held by Priestley and many other 
phlogistonists—namely that the phlogiston lost in burn- 
ing was taken up by the air, causing it to “mat down,” 
thus explaining the decrease in volume when things are 
burned in an enclosed sample of air. Scheele did not 
adopt this concept because he found that the residual 
gas (nitrogen) was lighter than air and that fire air was 
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heavier. He reasoned that if air absorbed phlogiston 
and contracted it would have to become heavier, not 
lighter. The other possibility—that the air lost i in 
burning was taken up by the substance burned—he dig. 
carded because he could not recover any gas from the 
potassium sulfate obtained when potassium sulfite 
absorbed oxygen, this reaction he formulated thus: 
XK.Ov@ + Fa — XK.Ov + Fae 
potassium oxygen potassium heat 
sulfite sulfate 
The easiest way to represent the burning of hydrogen 
would be 
We + Fa — W + Fab 
hydrogen fireair water heat 
This formulation of hydrogen as water and phlogiston is 
in accord with the formation of water and a metal in the 
reduction of metal oxides and with the formation of 
water gas from steam and carbon. 


XCu We —XCu@+ W 

copper oxide hydrogen copper water 

+ W Aa® + Woe 
carbon steam carbon monoxide hydrogen 


Scheele himself did not accept this solution, since the 
density of hydrogen compared to that of oxygen made 
it seem absurd that the weight of tangible product, W, 
was carried by the hydrogen. His proposal was that 
oxygen consisted of water, phlogiston, and some 
“saline” substance. Hydrogen was made of the same 
three ingredients in different proportions. Only the 
water had any great weight. The saline principle and 
the phlogiston were so light that the mass escaping as 
heat was indetectable. Thus the reaction would look 
something like 

+ SW. — 9“W + 2(S4,) 

oxygen hydrogen water heat 
After Lavoisier proved that the weight of mercuric 
oxide equaled that of the mercury and oxygen formed in 
its decomposition, Scheele was forced into some such 
formulations as 


XHgW;, 
mercuric oxide 


XHgW; 
mercuric oxide 


+ XHg®, > 
heat = mercury oxygen 


+ Aad, + AaWs 
carbon mercury carbon dioxide 


Again in the first reaction the heat was assumed to 
have an indetectably small mass. Scheele reports some 


experiments which demonstrate the wonderful fact that § 


the amounts of water in some substances are just enough 
to supply those in the products obtained. This was the 
end of phlogiston. The mere fact that the calx was 
heavier than the metal did not cause its aban- 
donment. The phlogistonists had known that fact for 
almost a century. There were several explanations 
advanced, the commonest being that the calx gathered 
to itself heat, water, or some gas after it had lost phlogis 
ton. Lavoisier was trying to determine what. this 
substance was when he started his experiments. After 
the discovery of oxygen, Lavoisier noted that the masses 


Hou 
drate 

sium, | 
appeal 
of thi 
manus 
and m 


(CHs)eC 


the co 
starter 
cooled 
was ax 

Afte 
anoth 
the fl 


1Ho 
3 
1932, 
Fre 
ed., p. | 


| 
JULY 
of all s 
un 
acco 
No si 
: 
| 
| 
| 
| 
| 
| 
4 
‘ 
na. 
0.5 
added 
The fi 


gen 


is 
the 
n of 


JULY, 1952 


of all substances, both products and reactants, could be LITERATURE 


accounted for on the basis of oxygen-gain in burning. 
No simple phlogistic system could do this. 


Dossin, Leonarp, Translator, ‘Collected Papers of Carl Wilhelm 
Scheele,”’ G. Bell and Sons, Ltd., London, 1931. 


“ A SIMPLE PROCEDURE FOR PREPARING PINACOL HYDRATE 


Houeman’s! method for preparing pinacol hy- 
drate by the reduction of dry acetone with magne- 
sium, activated with mercuric chloride, in dry benzene 
appears in “Organic Syntheses.”? An adaptation 
of this method also appears in Fieser’s laboratory 
manual.* We have found the following to be a shorter 
and more simple procedure for this method. 
(CH;)z.C—O 
HgCl, 


2(CH;),CO + Mg ——— 
Acetone (CH,).C—6 


Magnesium pinacolate 
(CH3),C—O 
| Mg + 8H:O 
(CHs)z.C—O (CH;)z.C—O—H 
-6H,O0 + Mg(OH): 


(CH;3)2C—O—H 
Pinacol hydrate 


Mg;x(PO.): + 6NaOH 


3Mg(OH), + 2NasPO, 


Three grams of magnesium turnings were placed 
in a 200-ml. round-bottomed ring-necked flask and 
0.5 g. of mercuric chloride was added. To this was 
added 10 ml. of acetone from a dry graduated cylinder. 
The flask was shaken with a rotary motion to give 
the contents a swirling movement until the reaction 
started. It was then quickly connected to a water- 
cooled reflux condenser and 40 ml. more of acetone 
was added in small portions with shaking. 

After the reaction had run for 15 to 20 minutes, 
another portion of 25 ml. of acetone was added and 
the flask shaken periodically to avoid the formation 


1 HoLteMaNn, F., Rec. trav. chim., 25, 206 (1906). 

* “Organic Syntheses,’ John Wiley & Sons, Inc., New York, 
1932, Coll. Vol. I, p. 448. 

*Freser, L. F., “Experiments in Organic Chemistry,’”’ 2nd 
ed., p. 97. 


JOSEPH E. WEBER and ARLO D. BOGGS 
Bowling Green State University, Bowling Green, Ohio 


of a cake inside the flask. At the end of 30 to 45 
minutes, heating over a steam bath was necessary to 
maintain a rapid reflux rate. 

After one hour from the start the reaction had practi- 
cally stopped and the flask was disconnected from the re- 
flux condenser and connected by means of a one-hole 
rubber stopper and glass tube to a vacuum line (aspira- 
tor). While continuing to heat the flask on the steam 
bath, a vacuum was applied to remove the unused ace- 
tone. By rotating the flask and heating simultaneously 
the contents of the flask (magnesium pinacolate, etc.) 
became powder-dry in 5 or 10 minutes. 

At this point the reflux condenser was reconnected 
to the flask and 100 ml. of water containing 5 g. of 
trisodium phosphate (technical grade) was added 
through the reflux condenser. The contents of the 
flask warmed up somewhat on the addition of the water. 
The mixture was refluxed over a low flame and wire 
gauze for 15 minutes. The hot mixture was then 
filtered using a small vacuum filter assembly (60-mm. 
Biichner funnel and 250-ml. filter flask). The filtrate 
was chilled in an ice-water bath, stirred vigorously, 
and seeded. When crystallization seemed to be 
complete the cold mixture was filtered, using the small 
vacuum filter assembly again. The crystals were 
washed in the funnel with 25 ml. of ice water. The 
vacuum was applied until the crystals were reasonably 
dry (15 to 20 minutes). They were then washed with 
25 ml. of petroleum ether and allowed to dry once 
again. 

It was found that a satisfactory yield (6 to 8 g.) 
of pinacol hydrate of high purity could be prepared 
within two hours, using a minimum amount of equip- 
ment and ordinary and inexpensive reagents. It 
will be observed that the use of benzene has been elimi- 
nated entirely from the preparation, the relative amount 
of mercuric chloride has been greatly reduced, and 
ordinary acetone has replaced the dried product. 
Trisodium phosphate was added to improve the filter- 
ing characteristics of the magnesium residue. 
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THE THERMOMATIC STEAMER 


Wrrnovr being entirely aware of it, the beginning 
student in organic chemistry carries out a variety of 
processes for isolation and purification of compounds 
known as unit operations. Among these are extraction, 
filtration, crystallization, distillation (atmospheric, 
vacuum, steam), etc. Facing up to the problem of 
basic improvements in these processes I reached the con- 
clusion that of all these unit operations, steam distilla- 
tion carried out by conventional methods is often the 
messiest and least satisfying to the student, and that 
something should be done about it. Hence the construc- 
tion of what I choose to call the unitized “thermomatic 
steamer,”’ an assembly of apparatus intended to be 
kept together, ready for immediate use and easy to 
clean without tearing down, to the end that the next 
operator can take over without interruption. 


Description of Items 


(1) Two condensers 50-60 cm. in length and with wide bore, to which are 
attached 35/25 spherical joints and drip tips. 

(2) Two 35/25 spherical joints attached to condensers and to top of 
flask (3). 

(3) One-liter Claisen flask connected at top to joints (2) and fitted at bot- 
tom to a drain tube with stopcock to permit separation of layers and 
drainage. 

(4) Spherical joints (35/25) attached to flasks (3) and (6). 

(5) ¥ Joint (29/42) for insertion of dropping funnel or thermometer 


RAY WENDLAND 
North Dakota State College, Fargo, North Dakota 


Two-liter Claisen flask to which is sealed the joint (4) and a 13-mm, 
delivery tube for passage of distillate. 

The boiler: 1-liter suction flask with side arm attached to Claisen 
steam inlet. 

8-mm. inlet tube for steam or water. 

3-way stopcock with 4-mm. bore. 

F joint (10/30) for attachment of safety tube (11), 

Safety tube partly filled with mercury, bromobenzene, or other dense 
liquid to allow release of excessive pressure from the boiler. 

Drain tube and stopcock to drain boiler contents. 

Clamps for attachment of rods No. (14). The numerous clamps and 
rings necessary for mounting the apparatus are not all shown, but 
their positions are obvious. 

Ring stand rods (3 ft. X 1/2 in.) to which the pieces are firmly fastened, 
These are preferably Fisher Flexaframe rods fastened to a plywood 
baseboard. The vertical rods should be tied together by a horizontal 
rod to prevent lateral distortion. 

Not numbered: steam inlet to Claisen flask (6). Note that this has two de- 
livery tips at the bottom and these are turned outwards at right 
angles. This feature prevents blasting of steam at the bottom of (6) 
and eliminates bumping. With two openings it has not yet been 
observed that plugging has ever occurred despite accumulation of 
much precipitated material during some distillations. 

Caution: Be sure to anneal the various glass pieces thoroughly after fabrica- 
tion, particularly flask (7), this being subjected to intense heating 
which puts a great strain on the drain tube seal. 

Over-all di of the bly: Width, 32 in., Height, 48 in., Depth, 

10 in, 


The construction and assembly of the apparatus 
(see the figure) should be obvious, the only problem 
being a certain amount of modification on standard 
pieces of glass equipment which are not difficult for the 
average glass blower. 

The essential stages of operation are: 


1. Charge the two-liter Claisen flask (6) by attaching a drop- 
ping funnel (not shown) at point (5) and running in the mixture 
to be steam-distilled. 

2. Introduce steam or hot water into the boiler (7) through the 
tube (8). Light both burners and collect distillate in flask (3). 
Periodically drain (3). 

3. Adjust 3-way stopcock (9) so that a slow trickle of water 
enters the boiler from the spherical flask to replace the steam lost.’ 
This insures uninterrupted operation until all the distillables 
have been removed from flask (6). When not adding water con- 
nect boiler to safety tube (11). 

4. To stop the distillation and empty flask (6) turn stopcock 
(9) so that the boiler is closed off from the atmosphere and ex- 
tinguish the burners; to hasten cooling of flask (7) drain water to 
a low level then close stopcock again; condensation of steam in 
(7) sucks back the mixture from (6). 

5. Drain (7) again, recharge both flasks, and proceed with the 
next distillation. 


It is obvious that the direct connection of Claisen 
flask (6) to (3) without an intervening condenser permits 
the distillation of high-melting materials that might 
solidify in conventional apparatus—a_ considerable 
advantage in this construction. Also, much cooling 


1 Addition of water must be at such a rate that the steam pres- 
sure in (7) does not drop; otherwise the contents of (6) will suck 
back into (7). 
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and condensation take place in (3) itself so that the con- 
densers above are not so likely to be overloaded. It 
should be noted that the inclusion of the drip tips in 
the condensers and the flask (6) protects the joints (2) 
and (4) from the most direct action of the vaporous prod- 
ucts; thus the lubricant used in the joints is better pre- 
served. 

The boiler (7) when heated with a large Meker or 
Fisher burner delivers an abundant supply of steam 
to flask (6) without any bumping. In fact, operation 


Tue three-neck flask is a very valuable unit in the 
apparatus kit of the organic chemist. It is however 
not a low cost item when provided with the desired 
standard taper joints' and if a half dozen or so are 
necessary for a variety of processes, the investment is 
considerable. For insertion of a proper stirring device 
into such a flask the neck size should be 29/42 or larger; 
such necks make it inconvenient to operate with a flask 
any smaller than 500 ml. in volume. As an added con- 
sideration one realizes thaf whenever a series of opera- 
tions can be carried out in one vessel without disman- 
tling and emptying, the experimenter can save much 
valuable time. 

The result of these deliberations led to the design 
and construction of the apparatus shown which I 
choose to call the ‘4 in 1 Chem-Mixer.”’ Attached to 
the figure is a description of items involved in its con- 
struction. 

By use of the ““Chem-Mixer” one may rely principally 
on one-necked flasks of any size all of which can be 
adapted to fit the new device. The unit is most con- 
veniently employed when fastened in place with the 
customary stirrer, dropping funnel, and reflux condenser 
likewise in position. Thereupon the side tube (2) is 
atttached to a takeoff and condenser, but the large 
stopcock (3) is closed for reflux operation. After the 
main reaction has taken place the solvent or v@latile 
products are removed by distillation with the stopcock 
in the open position. After these several operations 
(four in number: stirring, addition, reflux, and distilla- 
tion) the reaction flask and its contents are removed 
from the unit, which is then ready to accommodate 
another batch of reactants without interruption. 

It should be noted that the vertical bearing (4) for 
the stirring shaft can be easily adjusted for inclusion 


! Currently a 500-ml. 3-neck flask with 29/42 joints cost $7.10. 
A 1000-cc. flask of same type $9.00. 


THE 4 IN 1 CHEM-MIXER 


by this method is much smoother than by use of steam 
taken from the house line, which frequently produces 
excessive agitation in the distilling flask due to pressure 
surges. 

The condensers used should be no smaller than those 
shown. Twoof them are certainly necessary. Because 
of the high latent heat of steam and the volume passed 
during distillation any change in condensers should be 
in the direction of larger ones, preferably of the bulb 


type. 


RAY WENDLAND 
North Dakota State College, Fargo, North Dakota 


of a mercury seal, or, by a simpler method, attachment 
of soft rubber tubing over the top, which in many cases 
gives a perfectly acceptable seal. 


Description of Items 


(1) 29/42 standard-taper joints into which are fitted a dropping funnel and 
reflux condenser. These joints are used full length as obtained from 
supplier and curved at the béttom for attachment to the center tube which 
connects to the reaction vessel. 

(2) 29/42 standard-taper male joints for connection to reaction vessel and 
to collection unit for distillation. 

(3) Vacuum-type stopcock with three holes as shown. When turned 180° 
from the position in the figure any condensate entering the stopcock body 
will drain back into the flask through tube (5). 

(4) 5-7-mm. tube which acts as bearing for stirring shaft. 

(5) Drain tube attached to bottom of stopcock (3). This drains fiuid col- 
lecting in stopcock. It also serves the important purpose of strengthening 
the side arm attachment against accidental breakage. 
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Time was, before the Hatchet Men—commonly 
known as ‘‘Referees”—had usurped editorial functions, 
when an author could introduce into his paper many in- 
teresting and useful bits of information even though 
they had little bearing on the main theme of the paper. 
Thus, much useful information was conserved to be 
used later by other investigators while, at the same time, 
the paper was usually enlivened thereby. Indeed, such 
information often stimulated others to undertake re- 
searches which, otherwise, they would not have begun. 
Today, all this has been changed; everything not hav- 
ing a direct bearing on the problem in hand is elimi- 
nated. The final paper gives one the impression that 
nothing has been left undone, and that there is nothing 
more that need be done. Such papers are not very in- 
spiring. It would seem that all the red meat has been 
trimmed off the literary roast and all that remains is 


Porasstum amide is a moderately strong electrolyte 
and is very soluble in liquid ammonia. It isan ammono 
base and, in liquid ammonia, reacts in a manner similar 
to that of potassium hydroxide in water. However, 
the amide ion is much less strongly electronegative than 
is the hydroxy] ion and, therefore, we frequently find it 
acting as a reducing agent. Thus, potassium amide is 
oxidized to potassium hydroxide and potassium nitrite 
by molecular oxygen in liquid ammonia. The solid is 
likewise oxidized by oxygen but, unless the oxygen pres- 
sure is kept very low, the reaction takes place explo- 
sively. 

With an alkyl halide, potassium amide reacts ac- 
cording to the equation: 


KNH, + RX = RNH:; + KX (1) 


The reaction is quantitative and rapid. Actually, of 
course, it is the amide ion that reacts; however, for the 
sake of simplicity, equations will be written in molec- 
ular form. 

The reactions of methylene halides seem not to have 
been investigated. Chloroform and potassium amide 
react in the sense of Franklin’s “ammonia system of 
chemistry” potassium cyanide being formed quantita- 
tively. The reaction may be formulated somewhat as 
follows: 


1The observations which follow were accumulated by Dr. 
Norman L. Cox in the Brown Laboratories during the years 1931- 
33; they have not been reported heretofore. 


* FRAGMENTS OF CHEMISTRY 


CHARLES A. KRAUS 
Brown University, Providence, Rhode Island 


bone and fat and gristle. And, when a paper is pub. 
lished, the introduction and discussion are printed ip 
large type while the data, if appearing at all, and perti. 
nent experimental details appear in type so small that 
it requires microfilm equipment to read it. Is this not 
a case of the horse pushing the cart? The most impor. 
tant element in a paper is the result presented in the 
form of data along with an evaluation of their precision, 

On the basis of considerations such as these, this au- 
thor has been led to publish some fragments of chemis- 
try, chiefly in the way of observations which have been 
accumulated over the years and which have been 
touched upon only briefly in earlier papers or, otherwise, 
have been left unreported. The brief sketches which 
follow are, for the most part, undocumented. On re- 
quest, the author would be glad to supply such further 
information as he may have. 


1. REACTION OF POTASSIUM AMIDE WITH ALIPHATIC POLYHALIDES IN LIQUID AMMONIA’ 


+KNH; —NH; +KNH; 
HCCl; ———~> HC(NH:); ———> HCN ———> KCN (2) 


When we come to carbon tetrachloride and hexachlo- 
roethane, complex and deep-seated reactions take place 
which cannot be described in terms of Franklin’s ammo- 
nia system which involves substitution of NH, for chlo- 
rine and subsequent deammoniation of the product. 

(1) Carbon Tetrachloride. According to Franklin’s 
system, we should expect a salt of cyanamide NCNH,, 
or some related substance, as end product of reaction. 
Actually, the observed results of reaction are as follows: 

(a) 90 per cent of the carbon appears as potassium 
cyanide. 

(b) Nitrogen is evolved, the ratio of nitrogen atoms 
to mols of cyanide being in the proportion of 2:3. 

(c) Hydrogen is evolved along with the nitrogen in 
the proportion of one atom of hydrogen to three atoms 
of nitrogen. 

(d) The ratio of chloride to cyanide is 4.5:1. 

(e) The ratio of mols of amide to mols of tetrachloride 
reacted is slightly greater than five (5.25). 

The principal product of reaction is potassium cya 
nide. The CN/N ratio of 3:2 is doubtless significant. 
The principal reaction might be written: 


38CCl, + = 12KCl + 3KCN + N2 + 10NH; (3) 
The nitrogen must be formed at some stage of the deam- 


moniation process; potassium cyanamide is a stable, 
difficultly soluble compound. In all likelihood, the hy- 
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drogen is formed in reactions that involve the 10 per 
cent of carbon that does not form cyanide. The excess 
amide is probably involved in these side reactions. 

(2) Hexachloroethane. If hexachloroethane reacted 
according to Franklin’s ammonia system, we should ex- 
pect cyanogen as end preduct. Actually, a deep-seated 
reaction takes place which results in the complete de- 
struction of the hexachloride molecule. 

Although difficultly soluble in liquid ammonia, the 
hexachloride when finely divided, reacts readily with 
potassium amide. Observations are as follows: 

(a) When reaction is completed, the evolution of gases 
ceases and the solution has a pale yellow color. Pres- 
ently, the color darkens and, in the course of 10 to 20 
minutes, carbon precipitates. Approximately 60 per 
cent of the total carbon appears as free carbon. The 
residue in the tube consists of carbon and potassium 
chloride and the weight of the contents of the reaction 
tube is less than that of the reactants. 

(b) The gas collected during reaction is nitrogen. 
Somewhat less than one atom of nitrogen is obtained per 
atom of precipitated carbon: 

(c) A volatile carbon compound is produced which 
decomposes as it is carried into water in collecting the 
evolved gases. Flashes of light appear in the collecting 
tube as the bubbles of gas, largely ammonia, collapse. 
A scum of carbon forms on the surface of the water in 
the collecting tube. 

(d) In one experiment, the ammonia was taken off at 
low temperatures; when the tube was allowed to warm 
up there was a mild detonation accompanied by a 
flash of light and carbon was deposited on the interior 
walls of the reaction tube. In this case, there were no 
flashes in the absorption tube and no carbon appeared 
on the surface of the water in the collecting tube. 
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The reaction of hexachloroethane with potassium 
amide is deep-seated.and complex. It seems likely that 
the evolved nitrogen is due to the decomposition of 
some compound which leaves free carbon, on the one 
hand, and produces nitrogen, on the other. Roughly 
35 to 40 per cent of the total carbon forms an unstable 
compound which is fairly volatile. It decomposes in 
the collecting tube to form carbon and, perhaps, nitro- 
gen. No other gas appears. This compound appears 
to be unstable at room temperature and decomposes ex- 
plosively. 

The above reactions serve to illustrate how little we 
know about the chemistry of liquid ammonia and how 
greatly it differs from that of other solvents. 

It would be of interest to know what would be the 
reaction of potassium amide with highly halogenated 
derivatives of aliphatics containing more than two car- 
bon atoms per chain. It would also be of interest to 
know what reactions might occur in the case of highly 
halogenated aromatics, particularly hexachloroben- 
zene. 

Solutions of the alkali metals in liquid ammonia are 
much more powerful reducing agents than is potas- 
sium amide. However, in order to be able to interpret 
such reduction reactions, we need to have some knowl- 
edge of the reaction of the amides. In the reaction of 
the metals with alkyl halides, the metal amide is 
formed which, in turn, reacts with the halide to form 
amine. Thus, sodium reacts with methyliodide to give 
a quantitative yield of methane and methylamine in 
equimolar proportions. 

We know nothing about the reactions of alkali 
metals with polyhalides. A study of such reactions 
might throw much light on reactions such as those out- 
lined above. 


Dr. Witt S. DeLoacu, author of “Doctorates in Chemistry from Southern In- 
stitutions, 1881-1951” on page 190 of our April issue, has recently learned of two 
additional chemistry doctorates which should have been included in his list. 
They were granted by the Agricultural and Mechanical College of Texas in 1939 
and 1951. 
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You can’t sell chemistry as a teacher unless you are 
sold on teaching! 

You and I have a commodity to sell. Do we make 
the most of our opportunity and obligation? It is my 
conviction that a chemistry teacher must use salesman- 
ship just as skillfully as do the book-men who call upon 
us, or the representatives of the apparatus companies. 
They make us want what they’ve got even if we have 
to go through the painful operation of writing and justi- 
fying requisitions to get it. 

We chemistry teachers have a tremendous advantage 
and challenge. The advantage exists because our subject 
has found its way as a requirement in our college cur- 
ricula. Oursubject has been popularized as the science 
that has provided “better things for better living.”” Con- 
sequently, when we signed on at our respective schools 
to teach chemistry we knew that there would be classes 
waiting for us on the opening day of school. We also 
knew that, in spite of us, many of our students would 
stay on until the end of the term. They had to have 
credit in chemistry and they were determined to get 
that credit regardless of the mixture in the dish that 
we set before them. 

All too frequently the courses set before our young 
men and women are like inexpensive pre-packaged ice 
cream—full of froth and flavor, without enough body 
for the aspiring young scientists to set their teeth into. 
It is far better that they be given a heavy hash of prob- 
lems, equations, and theory; those who survive such a 
course will at least have nourishment. But it seems to 
me that to be truly effective our courses and textbooks 
should provide a balanced menu. There should be a 
scientific hors d’oeuvre to whet the appetite; the entré 
must be of solid demonstratable facts; the salad, of 
vitamin-rich theory to insure proper growth; well-pre- 
pared garden-fresh problems and questions will serve 
as vegetables for this meal; for the student who has 
time and capacity it is well to provide a pie-a-la-mode 
of outside reading and special assignments and experi- 
ments. Yes, I also consider it very wise to supply an 
occasional sip of humor, for the wine of laughter is a 
great stimulus to mutual respect and understanding. 


! Presented before the PSACT on November 3, 1951. 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


SALESMANSHIP IN CHEMISTRY TEACHING’ 
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It is well that our students be thoroughly satiated at 
the close of the hour in our classrooms so that they wil 
have plenty to digest before they come again. 

When we provide this sort of menu our students will 
be sold; they will be glad to come again to another 
feast. At the end of the term when they leave ow 
classrooms they will anticipate the more rigorous fare 
of advanced courses and individual creative work. 

From the point of view of the junior college and the 
liberal arts college the problem is considered to be differ- 
ent from that of the university with a large graduate 
department. It would be wise to grant the existence of 
a difference in degree only. Wherever chemistry is 
taught it should be done with the greatest skill and 
salesmanship. The realization of this fact would result 
in more effective teaching in all types of institutions. 
A greater number of promising students would select 
science, and specifically chemistry, as their major, thus 
insuring our nation of an ever available supply of tech- 
nically trained personnel. 

In order to reach some concrete conclusions regarding 
the selling of a serious interest in chemistry to our stu- 
dents, let us evaluate four areas of influence: (1) the 
college, (2) the pedagogic technique, (3) the subject 
matter, and (4) the teacher. 

Since ideas regarding the relative merits of these four 
items are obviously somewhat controversial I will pre 
sent my views in the hope that they will at least pro 
voke thought, to the end that each one of us will strive 
to teach better. (The preparation of this short paper 
has already brought into focus a number of respects 
in which I have not been doing as effective a job of 
selling chemistry as I should.) 

Let us then consider the institutions that do the 
best job of selling science to their students. 

In the July, 1951, Scientific American is an article 
entitled, “The Origins of U. S. Scientists.” Heading 
the list of 50 institutions whose male recipients of bach 
elors’ degrees have gone on to obtain the Ph.D. it 
natural science, is Reed College in Oregon with the ams 
zing number of 131.8 out of each thousand graduates. 
In vain I scanned the list for Northern California’s 
two great universities. The fact that they were not 
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included was softened however by the discovery that our 
California Institute of Technology at Pasadena was 
second on.the list with 70.1 per thousand graduates. 
Note that this is only slightly more than half of the 
number for Reed. Then I sought my Alma Mater, 
finding to my surprise that two small colleges, one to 
her north and one to her south, ranked 25th and 32nd 
respectively, but Utah was absent. I further noted with 
satisfaction that the pioneer spirit of the West plays its 
part, for a far higher percentage of the possible schools 
of the West made the list in comparison with eastern 
colleges and universities. 

Space will not permit extensive discussion of this 
article. It is significant, however, to quote briefly 
regarding two points. In discussing Reed College the 
article states: 


Since its founding in 1911 Reed has had a brilliant record of 
achievement. During 1925 to 1940 it has produced 12 Rhodes 
scholars... Though salaries (at Reed) have been relatively low, 
many top-notch men have come to Reed to teach and have 
stayed there, disdaining more lucrative positions. Among the 
students, the campus hero is the scholar. The curriculum is 
organized to foster a maximum of individuality of instruction, 
and teachers and pupils alike carry on a tradition of disputatious- 
ness which in many institutions might be a sign of disorganiza- 
tion and dissatisfaction. 


The article furthermore describes the type of instruc- 
tor who is most effective: 


Statistical examination of the ratings assigned by students and 
by the investigator indicated first that a successful teacher is not 
especially distinguished for his mastery of superficial pedagogic 
skills. Rather, the successful teachers are marked by three cardi- 
nal traits: masterfulness, warmth and professional dignity. It 
would appear that the success of such teachers rests mainly upon 
their capacity to assume a father role to their students, in the 
best sense, and to inspire them to an emulation of the teacher’s 
achievements. 


The conclusions reached in this article indicate that 
the most fertile soil in which to set the feet of a young 
man who would be inspired to scientific achievement is 
found in the smaller liberal arts colleges. One obvious 
question is “Why?” May I be so bold as to suggest the 
answer as “inspiration rather than mass-production”? 

So much for the colleges! Second, let us glance at 
the pedagogic techniques to be employed in the selling 
of chemistry to our students. Extensive training in 
methods of teaching is not essential. In fact, it is 
notable that the presidents and most of the faculty 
members of most of our great universities and liberal 
arts colleges have never had such courses. According 
to school law these men are not qualified to teach in our 
secondary schools, never having plowed through the 
mumbo-jumbo of the required courses in education. 
On the junior college and high-school level there seems 
to be the conviction that nearly any credentialed individ- 
ual is qualified, through the divine guidance of courses 
on the techniques of teaching, to present the subject 
matter of anycourse. Yetevery teacher knows that there 
are successful teachers who have never been exposed 
to courses on how to teach. All of us have developed 
many of our own techniques through experience as the 


need arose, and through the emulation of outstanding 
men under whom we have studied. 

In chemistry instruction there are certain classroom 
techniques that have become traditional. They are 
typical sales techniques. The salesman spreads his 
wares before the prospective buyer so that the buyer 
will see, admire, and desire. We have all been influ- 
enced by the spread put out on our living room floor by 
the Fuller Brush man. We know that our students 
are influenced by the effective use of demonstrations, 
charts, chemical displays, films, and apparatus set-ups. 
Chemistry teaching, to be most inspirational, needs 
these visual aids. They should be relatively simple, 
easy to follow and to understand. They may be dra- 
matic. Fundamentally, however; they must illustrate 
scientific principles and clarify facts. 

Do you and I use these visual devices to their best 
advantage? From a consideration of the department 
in which I serve, I know that we do not. I suspect 
that most of you do not. It takes a lot of time and 
effort to prepare effective demonstrations for a chemis- 
try class. In this respect the professors of our large 
universities have a tremendous advantage because they 
are provided with the services of student assistants; 
many teachers in smaller colleges are similarly fortunate. 
Because of heavy teaching loads and lack of adequate 
facilities, we in the junior college and in most state 
colleges fall far short of making the most effective use of 
these devices. Yes, and some of us are toolazy. Most 
of us could do better. It is my conviction that every 
chemistry lecture should include some demonstration. 
Can we convince our boards of education that we need 
time allowed in our class schedules for preparation? 

An opportunity forcloserassociation with our students 
is the advantage of the smaller schools. A chemist 
acquaintance of mine who is well on his way to his first 
million states, “I wasn’t a very good student, but one 
of my profs gave me all the personal aid that I needed. 
He is largely responsible for my success.” Contrast 
that experience with the lecture section of 500 broken 
into 25 lab groups which are supervised by student 
assistants whose own superior ability in chemistry 
makes them unsympathetic with the difficulties of their 
charges. 

Discussion on the points of pedagogic techniques could 
go on indefinitely, but such discussion is not necessary. 
Each of us can afford to do a little self-evaluating on this 
point. Perhaps we can diplomatically influence our 
colleagues! 

Third, let us focus our attention on subject matter. 
In whatever chemistry course we teach, the essential 
subject matier of that course should be covered. It 
was with great regret that I was unable to attend the 
meetings of our organization when the topic for dis- 
cussion was “What can we throw out of the course in 
general chemistry?” Knowledge about chemistry is 
se voluminous that it is easy to lose sight of the funda- 
mental principles of the science in the unlimited maze 
of facts through which we must strive to lead our 
students. Our textbooks have become so large that 
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they are cumbersome and often discouraging. I have 
often felt that they have been written with the motive 
of showing how much the author knows rather than 
with the desire to impart fundamental knowledge to 
the student. 

It is my conviction that we in chemistry must criti- 
cally select the fundamental principles that are essential 
to the courses that we offer, and that we must use these 
principles as the basis of our teaching. We cannot hope 
to cover all of the related facts. Facts should be drawn 
from as wide as possible a range of applicable industrial, 
social, and historical data, but their function should be 
to establish the few fundamental principles. If we 
can successfully weed out the extraneous subject matter 
we will be more successful as teachers. It is notable 
that western institutions have taken the lead in teach- 
ing “principles.” 

It is poor sales psychology to expect the student to 
carry around a textbook that is obviously too large to 
be mastered during the semester or the year allotted for 
the course. One great disadvantage of larger books is 
that the teacher must skip-assign; this cannot be done 
without the loss of continuity in subject matter and in 
the scientific philosophy that is being developed. 

It is also poor sales psychology to require the student 
to buy a textbook in which assignments are not made. 
One freshman chemistry teacher, a user of the splendid 
Frantz lab manual, said to me, “I find this manual 
entirely adequate for the course. I don’t make three 
assignments in our selected lecture text during the whole 
term.” Then I heard a student comment, “Yea! 
Then why’d he make us buy the darned thing—it 
cost $4.75.” 

Another disadvantage of the large text is that the 
conscientious teacher and his students become bound to 
it in the attempt to justify its purchase. This removes 
the teacher’s greatest opportunity for salesmanship— 
the privilege of inspiring the student by drawing from 
personal experience and from the splendid storehouse of 
chemical literature to enrich his course with current 
factual information that illustrates the principles that 
he is teaching. 

The literature of the field of chemistry, 7. e., articles 
to be found regularly in the various periodicals are 
excellent reservoirs of inspiration to use in selling interest 
to the general student. 

Finally, let us consider ourselves, the teachers who do 
the selling. My opening sentence was, ‘You cannot 
sell chemistry as a teacher unless you are sold on teach- 
ing.” Stated otherwise, one can best sell an interest 
in chemistry if he is sincerely interested in teaching, if 
teaching chemistry is his first and greatest interest. 
The effectiveness of our teaching profession is threat- 
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ened by a condition that has become alarmingly prevg. 
lent in the last few years. Many potential M.D. and 
D.D.S. candidates, unable to secure admittance to 
medical and dental schools, are deciding to become 
high-school and junior college science teachers, saying 
“No, I don’t particularly care for teaching but .. , .” 
There are numbers of such young people attending ou 
State Teachers Colleges. They are capable young 
people but for them teaching is a compromise. Le 
us hope and pray that someone with whom they come 
in contact will be able to make teaching become truly 
their first love, and not just a stop-gap job. If they are 
to be sold on the vocation of science teaching as one of 
the most worth-while tasks it must be done by science 
teachers. I cannot conceive of that inspiration being 
gained from courses in education! We who are their 
science teachers must show them by example that our 
vocation is worth while and that we love our work. 
We must always play the game. 

The standing of our profession is frequently weak- 
ened by our colleagues who do not play the game. | 
recall the students’ lack of respect for a teacher who 
would not admit and correct an error in his explana- 
tion; the disgust for a biology teacher who doped 
every solution to be sure of getting a digestion reaction; 
the fear of a teacher who belittled the capacity of his 
students; the hatred of a teacher who consistently drove 
the poorer students from his classes and embarrassed 
those remaining; the pity for a teacher who constantly 
fumbled because he did not know his subject matter; 
the indifference to the teacher who was bored with his 
job. One final criterion of the success of a chemistry 
teacher is that he has not only inspired the chemistry 
majors, but that also the general students in his classes 
have found chemistry to be an approachable and under- 
standable subject, worthy of the student’s respect. 

The salesman who comes to your door must possess 
certain personal traits. He must be diplomatic. If 
he expects to come again for a repeat sale he must be 
honest. He must display versatility, adaptability, 
and resourcefulness. To be really successful he must 
know his commodities thoroughly and must believe 
in their value. Above all, a salesman must never lose 
sight of his objective, the signature on the dotted line. 

So it is with us. A chemistry teacher must never 
lose sight of his objective—the absorption by the stu- 
dent of knowledge and of inspiration to such an extent 
that he, the student, may be better equipped to face 
the future. If we as teachers do not give our students 
both knowledge and inspiration we will be wasting much 
of our time and theirs. When we do give both know 
edge and inspiration the rewards to us, although often 
intangible, are rich indeed. 


MEET! 


The 
Provid 
openec 
Divisic 
Arnolc 
appro? 
Dr. At 
of scie 
that t 
school: 
into s¢ 

Dr. 
brougl 
Science 
He ou 
at Bro 
covale’ 
semest 
the soy 
analyt 
prereq 
the ser 
each f 
chemis 
course 
indust: 
advant 
asm W. 
which 
in cher 
in 
Coles ; 
currict 
did in 
fact t 
Anoth 
try is 
try, ar 
and th 
try as 

Mr. 
Univer 
ning ¢ 
trated. 
simplic 


a 
Ap 
: 
ay) 
4 
q 
| 
tre 


SS OCIATION 
EACHERS 


OFFICIAL BUSINESS 


MEETINGS 


The 264th Meeting, held at Brown University, 
Providence, Rhode Island, February 9, 1952, was 
opened by Leslie B. Coombs, Chairman of the Southern 
Division of the NEACT, who introduced Dr. Samuel T. 
Arnold, Provost of the University. In welcoming 
approximately 150 members and guests to this meeting, 
Dr. Arnold evoked concern for the prospective shortage 
of science students for the near future, and suggested 
that teachers of science, especially in the secondary 
schools, had a grave obligation of guiding good students 
into scientific fields. 

Dr. James 8. Coles, Acting Dean of the College, 
brought a progress report on the new Bachelor of 
Science program in chemistry at Brown University. 
He outlined briefly the program of the first two years 
at Brown which includes a year of the chemistry of the 
covalent bond, a year of physical chemistry, and a 
semester of inorganic chemistry in the second half of 
the sophomore year. During the junior year a year of 
analytical chemistry, having physical chemistry as a 
prerequisite, is required of every candidate. Then in 
the senior year students are required to take one course 
each from the fields of organic chemistry, inorganic 
chemistry, and physical chemistry, and may elect other 
courses in these fields as well as in biochemistry and 
industrial chemistry. He suggested that one of the big 
advantages in this program is the large initial enthusi- 
asm which students from high school bring to chemistry 
which is ordinarily not manifested if the first course 
in chemistry is just the “same old stuff” that they had 
in high school. In assaying the program to date, Dr. 
Coles and the staff at Brown feel that students in this 
curriculum have done as well in all courses as they 
did in the previous program at Brown, in spite of the 
fact that qualitative analysis is no longer given. 
Another feature of the program is that physical chemis- 
try is not given piecemeal in courses in general chemis- 
try, and qualitative analysis and quantitative analysis, 
and then repeated again in a course in physical chemis- 
try as it was in actuality under the old program. 

Mr. Robert M. Sherman, instructor at Brown 
University, then gave some demonstrations for begin- 
ning chemistry in which various principles were illus- 
trated. His demonstrations were characterized by 
simplicity of apparatus, and he emphasized that having 


the student see a single thing in a demonstration is the 
best possible means of presentation. Copies of direc- 
tions for carrying out these demonstrations were dis- 
tributed. 

After a luncheon at the new Sharpe Refectory at 
Brown University, a short business meeting was held 
at 1:30 p.m. Dr. Harold C. Harrison, Associate Pro- 
fessor of Chemistry, University of Rhode Island, spoke 
on the subject “Scientific crime detection.” Dr. 
Harrison gave a short history of the introduction of 
scientific methods into crime detection, and then 
demonstrated some of the ways, often simple, in which 
chemistry may be used for revealing after the fact 
events which have taken place at a crime. 

The Secretary reported that membership had reached 
516 members, which includes eight new members since 
the December meeting. Five resignations have been 
received and 24 have been suspended for nonpayment 
of dues. The new members weleomed into the NEACT 
at the meeting were: 

LeRoy Bachman, 24 King Street, Pottstown, Pennsylvania. 
Louis C. W. Baker, Chemistry Department, Boston University, 

Boston, Massachusetts. 

John S. Belew, Department of Chemistry, Brown University, 

Providence, Rhode Island. 

Robert 8S. Bigelow, Teachers’ College, Farmington, Maine. 
Alexander M. Cruikshank, 1232 Kingstown Road, Kingston, 

Rhode Island. 
bene T. Macdougald, 19 Catalpa Road, Warwick, Rhode 

siand, 

Melvin Merken, Old Lyme School, Old Lyme, Connecticut. - 
S. Ricklin, Department of Chemistry, Brown University, 

Providence, Rhode Island. 

The 265th Meeting was held at Deerfield Academy, 
Deerfield, Massachusetts, April 12, 1952. Dr. Frank 
L. Boyden, Headmaster of the Academy, opened the 
meeting with a short historical sketch of some of the 
people of Deerfield early connected with the founding 
of the Academy. Professor Anna Jane Harrison de- 
scribed the freshman chemistry course at Mt. Holyoke 
College entitled “Basic Chemistry.” It is a laboratory- 
centered course, almost devoid of descriptive chemistry 
not requiring high-school chemistry as a prerequisite. 
The second paper in the morning, “Interesting prod- 
ucts and new developments of the General Electric 
Chemicals Division,” was given by Dr. Kurt C. 
Frisch. He described plastics, silicone resins, and 
other new products which have recently been developed 
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by the Chemicals Division, and illustrated many of 
them. A scrumptious dinner was served by the boys 
of the Academy, climaxed by a frozen dessert in a 
flower pot, the latest thing according to House and 
Graden magazine. A short business meeting followed. 
Professor C. Pauline Burt of Smith College concluded 
the meeting with a talk entitled, ““A survey of synthetic 
medicinals.” The rate of progress in this field is 
demonstrated by the fact that Dr. Burt gave a similar 
talk under the same title before the 1944 Summer Con- 
ference and in her 1952 talk did not touch any group 
of medicinals mentioned in the earlier one, except the 
sulfa drugs. 

Many of the group of 100 who gathered for this 
meeting visited some of the 21 prerevolutionary, his- 
toric houses of Old Deerfield after the formal program 
of the day. 

The Secretary welcomed four new members to the 
NEACT, making the total 526: 


W. Gordon Brown, Principal Senior School, Hopkins Grammar 
School, New Haven, Connecticut. 

Louis J. Bush, Head of Chemistry Department, Greenfield High 
School, Greenfield, Massachusetts. 

Curtis P. Hinckley, Woodstock Country School, Woodstock, 
Vermont. 

Sister Ernestine Marie, Ryan Memorial High School, Dorchester, 
Massachusetts. 


William F. Ehret, Chairman of the Summer Con- 
ference Program Committee presented the program 
for the 14th Summer Conference. 


SUMMER CONFERENCE 


The program of the 14th Summer Conference, 
University of Vermont, August 18-23, 1952, is as fol- 
lows: 


Aug. 18, 1952, Evening Session 

Address of Welcome by Professor Charles E. Braun, Chairman 
of the Department of Chemistry, University of Vermont. 
“Recent research on sugar maples,” Professor James W. Marvin, 
Chairman of the Department of Botany, University of Ver- 
mont. 

Aug. 19, 1952, Morning Session 

“The newer synthetic fibers,” Dr. Joseph B. Quig, Manager of 
the Development Section, E. I. du Pont de Nemours and Co. 
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“The silicones and their neighbors,’”’ Professor Eugene G. Rochow 
Department of Chemistry, Harvard University. 

Aug. 19, 1952, Afternoon Session 

“Psychological factors involved in taking Science Talent Search 
examinations,” Dr. Harold 8. Edgerton of Richardson, Bellows, 
Henry and Co., Inc. 

“Titanium—metallurgy and industrial applications,” Dr, ¢, 
Kerby Stoddard, Development and Engineering Department, 
National Lead Company, Titanium Division. 

“Some recent developments in steel manufacture and applica. 
tions,” Mr. William A. Dennis, United States Steel Company, 

Aug. 19, 1952, Evening Session 

“Criminalistics,”” Professor Mary L. Willard, Department of 
Chemistry, Pennsylvania State College. 

Aug. 20, 1952, Morning Session 

“The behavior of metal complexes in aqueous solutions,” Pro- 
fessor Arthur E. Martell, Department of Chemistry, Clark 
University. 

“Chemical reactions in corrosion of metals,’’ Dr. Robert M. 
Burns, Chemical Coordinator, Bell Telephone Laboratories, 

Aug. 20, 1952, Afternoon and Evening 

Chicken barbecue and whist party 

Aug. 21, 1952, Morning and Afternoon Sessions 

“The use of available radioisotopes in the teaching of general 
chemistry’; demonstrations and lectures to be given by 
representatives of the United States Atomic Energy Com- 
mission. 

Aug. 21, 1952, Evening Session 

“Science in Asia,’ Dr. Robert R. Williams of the Research Cor- 
poration. 

Aug. 22, 1952, Morning Session 

Symposium: The Evaluation of Laboratory Work in General 
Chemistry 

Professor Arnold J. Currier, Department of Chemistry, Pennsyl- 
vania State College. 

Mr. Carl Swinnerton, Pomfret School, Pomfret, Connecticut. 

Professor Andrew J. Scarlett, Department of Chemistry, Dart- 
mouth College. 

Aug. 22, 1952, Afternoon Session 

“Chemistry in the food industry,’’ Dr. John H. Nair, Assistant 
Director of Research, Thomas J. Lipton, Inc. 

“Whys and wherefores of vocational guidance in chemistry,” 
Dr. Walter J. Murphy, Editor of Chemical and Engineering 
News, Industrial and Engineering Chemistry, and Analytical 
Chemistry. 

Aug. 22, 1952, Evening Session 

“The first fifty years are the hardest,” Mr. Augustus Klock, 
The Fieldston School, Bronx, New York. 


For information, write to the Conference Secretary, 
Miss Constance L. Brown, Department of Chemistry, 
University of Vermont, Burlington, Vermont. 


To the Editor: 
May I add the following remarks to the recent paper 


by Dr. C. D. Coryell “The periodic table: — the 
6d-5f mixed transition group” (J. Cuem. Epuc., 29, 
62 (1952)). 

The so-called actinide hypothesis was first proposed 
by Dr. G. E. Villar of the Facultad de Ingenieria de 
Montevideo, Uruguay, as early as 1938 (Bol. Fac. Ing. 
Montevideo, 5, 231 (1938); Chem. Abstracts 33, 2003-4 
(1939)). Later he published detailed chemical, physi- 
cal, and crystallographic data supporting his actinide 
hypothesis (Ann. Acad. Brasil. Sci., 12, 51 (1940); 
An. Ass. Quim. Argentina, 31, 213 (1943)). A short 
account of this hypothesis was also published in the 
United States (J. Cuem. Epuc., 19, 286 (1942)). 
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Villar’s actinide hypothesis was confirmed by the 
brilliant researches of Seaborg and associates at the 
University of California. 

I should like to point out that Glockler and Popov 
(J. Coem. Epuc., 28, 212 (1951)) were not the first 
to propose that the neutron (,°n) may be included as 
the element of atomic number 0, as stated by Dr. 
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chemical textbooks include this hypothesis. In 1949 
Dr. E. Silva proposed not only to consider the neutron 
as the element of atomic number 0 but also to consider 
it as the first noble gas (Sitva, E., “Quimica inor- 
ganica,” Recife, 1949). 


CARVALHO FERREIRA 


Coryell. Although I have failed thus far to find the 
originator of the idea, many Brazilian and Spanish Recire, PERNAMBUCO, BRAZIL 


2 PROBLEM BOOK FOR GENERAL CHEMISTRY 


Royce H. LeRoy, Professor of Chemistry, A. & M. College of 
Texas. McGraw-Hill Book Co., Inc., New York, 1951. v +170 
pp. 7tables. 21.5 X 28cm. $1.90. 


THERE are 26 sections to this book of problems in general 
chemistry. The commonly accepted categories such as ‘Per- 
centage composition from the formula” and “Equivalent weights 
and normal solutions’ are preceded by “Arithmetic review” and 
“The metric system of measurement.” Most of the sections 
contain from 10 to 26 problems, but the last is a general review 
of 57, and a rough check indicates a total of 427 problems in the 
book. 

Use of letter-size pages, 8'/2 X 11 inches, with only five or six 
problems to the page, leaves plenty of room to write solutions in 
the book itself. The completed pages can be easily removed and 
reassembled by means of holes already punched. 

One of the easiest of the questions is: “What is the volume of 
500 g. of concentrated sulfuric acid?” One of the hardest ques- 
tions is: “One drop of 0.1 M hydrochloric acid was added to 
20 ml. of a saturated silver chloride solution. Ignoring the slight 
increase in volume, calculate (a) the total resulting chloride 
concentration and (b) the concentration of the silver ion remain- 
ing in solution in equilibrium. (c) What weight of AgCl should 
have precipitated?”’ Incidentally, the answer given in the back 
of the book to part (a) makes use of an approximation that gives 
an answer to part (¢) that is quite inaccurate. 

Each section is preceded by a page or so of explanation. Most 
of the explanatory text is scientifically accurate, but the ex- 
planation of equivalent weight, for example, is in need of revision. 

There are at least two educational reasons to justify the use 
of a book of this kind. For the first, it should help the busy 
instructor to vary assignments so that students of different 
capabilities can be trained in the techniques of solving particular 
kinds of chemistry problems. Although this book provides 
plenty of challenge for some, and additional practice for others, 
there is little to hold the interest and attention of a first-rate mind. 

Many believe, moreover, that in addition to providing training 
in the techniques of solving particular problems, a book of this 
kind should provide opportunities to learn to apply the generali- 
zations of chemistry in solving difficulties presented by situations 
that are almost entirely new. In the book under review there is 
no hint of the recognition of this fundamental aim of all science 
education. Instead, there seems to be only a recognition of 


the need to develop stereotyped and, therefore, superficial think- 
ing. Strengthening the impression that the solution of these 
particular problems is to be but an end in itself, we find that all 
generalizations are clearly handed to the student. 


He is never 


permitted to wade through a bog of data in order to enjoy the 
thrill of capturing for himself even the most elementary principle. 
The author states the more restricted point of view most clearly 
in the final sentence of his preface, when he says, “It is the hope 
of the author that he has succeeded in evolving an orderly 
approach to the problems of chemistry based on the simple 
principles of arithmetic, and that the student will work his way 
successfully through the book from beginning to end.” 


BENTLEY EDWARDS 
Cuico State CoLiece 
Cuico, CALIFORNIA 


& TOPICS IN PHYSICAL CHEMISTRY 


W. Mansfield Clark, DeLamar Professor of Physiological 
Chemistry, The Johns Hopkins University School of Medicine. 
Second edition. The Williams & Wilkins Co., Baltimore, 1952. 
xviii + 777 pp. Illustrated. 16 X 23.5cm. $10. 


Many, if not most, of the physical chemistry textbooks designed 
for the use of premedical and medical students are simply diluted 
versions of the material studied by students majoring in chemis- 
try. Also, these texts often apply the principles of physical chemi- 
stry to the solution of biological problems as an apparent after- 
thought. As a result, the students believe that the science of 
physical chemistry is too impractical to be applied to the study of 
the art of medicine. This book does not suffer from these defi- 
ciencies. Admittedly, it does not fully cover all of the classical 
subdivisions of the subject but this is not necessary in order to 
accomplish the purpose intended. For example, treatments of 
the solid state and of the phase rule are not to be found in this 
text. 

Briefly, the author selects topics of interest to the student and 
illuminates them in the strong light of physical chemistry. From 
experiences with the first edition, the student will come to look 
upon physical chemistry as a powerful friend instead of an indif- 
ferent and obscure entity. The chapter headings, abridged, are: 
Limiting laws, review of conventions, the balance, measurements 
of volume, density, sedimentation, the gas laws, colligative proper- 
ties, distribution between phases, diffusion, semipermeable 
membranes, kinetics, equilibria, electrolytes, conductance, pH, 
protein solutions, equilibria in the blood electrolytes, thermo- 
dynamics, redox relations, potentiometry, the polarograph, 
atomic and molecular structure, isotopes, refraction and polariza- 
tion, stereoisomerism, radiant energy, luminescence, colloids. 

This book, written as a supplementary text, is too volumi- 
nous to be covered in a one-or even two-semester course. Never- 
theless, it can be used as a text for premedical physical chemistry 
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by selection of subject matter and with the use of other reference 
works. In addition it is written with sufficient clarity, in an 
almost conversational style, so that it can be used later by the 
student with little or no outside help, once he has been intro- 
duced to the subject. It is therefore a good reference work for 
the medical student and for the graduate biological student. 

The author approaches the use of calculus in a practical manner. 
As he states at length in the appendix, calculus is necessary; 
it is after all just common sense expressed in unfamiliar symbols— 
not really difficult—so let’s approach it with confidence. In this 
connection, the book does not have enough problems to teach 
the student how to apply mathematics to real problems. This is 
probably the outstanding weak point of the book. Perhaps 
future editions will be different. 

For the inquisitive student many references to review articles 
and to the original literature are cited immediately after the dis- 
cussion of the point at hand or in the body of the discussion. 
General references are listed at the end of the chapters. 

Changes in this edition are, for the most part, either improve- 
ments in the already clear explanations or are revisions to bring 
the discussion up to date. In particular, the chapter on atomic 
and molecular structure has been almost completely rewritten. 
Other changes of lesser magnitude have been made, for example, 
in the chapters on electrolytes, pH, protein solutions, thermo- 
dynamics, redox relations, and colloids. An additional change 
would have been to include a section on photochemistry; it is 
unfortunate that no such change was made. 

The printing, binding, and typography are satisfactory. No 
significant typographical errors were noted. There were no 
observed errors of fact or interpretation, provided it is remembered 
that this is an introductory text for students of medicine. 

This book does not make physical chemistry easy for the pre- 
medica! or medical student. It does make it evident that an 
understanding of physical chemistry is necessary for a good 
grasp of the subject of biology, and secondly it makes this study 
interesting. More cannot be asked of any text. 


JAY A. YOUNG 
CoLLeGE 
WiLkes-BarreE, PENNSYLVANIA 


e MODERN TRENDS IN PHYSIOLOGY AND 
BIOCHEMISTRY 


Edited by E. S. Guzman Barron, Chemical Division, Department 
of Medicine, University of Chicago. Academic Press, Inc., New 
York, 1952. xxii + 538 pp. 132figs. 15 KX 24cm. $8.50. 


Tue 1950 physiology course of the Woods Hole Marine Labora- 
tory was intended to be dedicated to Professor Leonor Michae- 
lis in commemoration of his 75th birthday. Due to his death in 
September, 1949, this plan could not materialize, but the lectures 
presented at the course have been collected in this memorial 
volume and they represent an eloquent tribute to a great scien- 
tist, whose fundamental contributions are stressed in nearly 
every one of the 20 chapters. The book contains a good por- 
trait of Michaelis and the introductory chapter is the memorial 
lecture read by Barron at Woods Hole. 

The book is difficult to review briefly. Its scope ranges from 
pure biochemistry and biophysics to the morphological basis of 
function. The presentation varies from a vividly written, essay- 
like chapter with four references to strictly technically presented 
chapters with up to 177 references. The chapters range in length 
from 11 to 42 pages, and some contain no figures while 40 figures 
are found in one. 

The editor points out that the topics covered can be divided 
into six groups: cellular physiology (five chapters by Runnstrém, 
Mazia, Heilbrunn, Parpart and Ballentine, and Jacobs, dealing, 
respectively, with physiological aspects of cytoplasm, cell nucleus, 
and cell division, with molecular anatomy of the red cell membrane 
and cell permeability); muscle physiology (three chapters by 
Szent-Gyérgy, Mommaerts, Kupfler, who discuss thermody- 
namic questions, the contractile protein systems, and transmission 


_ chosen title. 
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processes at nerve-muscle junctions); nerve physiology (five 
chapters by Steinbach, Grundfest, Nachmansohn, Tobias, and 
Kupfler’s chapter already mentioned under muscle physiology, 
Discussed are the sodium and potassium balance of nerve and 
muscle, bioelectrical potentials, chemical mechanisms of nerve 
activity, ultrastructure and function); enzyme action (five 
chapters by Barron, Chance, Klotz, Neurath, the former dis. 
cussing in 2 chapters the mechanism of enzymatic oxidation-redue- 
tions and the oxidative pathways of carbohydrate metabolism, 
while the other authors present one chapter each on enzyme-sub- 
strate compounds, metal complexes with proteins, and chymo- 
trypsin); mode of drug action (one chapter by Loewi); and f- 
nally biochemical evolution (one chapter by Wald). 

The list of authors, each a recognized authority in his field, 
is a sufficient guarantee that everybody interested in any of the 
above topics will find their contributions well worth reading. 
It should nevertheless be pointed out that the title of the book is 
somewhat too broad. “Some modern trends in physiology and 
biochemistry”’ would have characterized the book better than the 
As already indicated, bibliographies of varying 
length are attached to each chapter. The book contains an 
author and a subject index and is very well printed. 


THEODOR VON BRAND 
NATIONAL INsTITUTES OF HEALTH 
Betuespa, MARYLAND 


COPOLYMERIZATION 


Turner Alfrey, Jr., Dow Chemical Co., John J. Bohrer, Inter- 
national Resistance Co., and H. Mark, Polytechnic Institute of 
Brooklyn. Volume VIII of “High Polymers.’’ Interscience 
Publishers, Inc., New York, 1952. x + 269 pp. 77 figs. 41 
tables. 15.5 X 23.5 cm. $6.80. 


CopoLYMERIZATION is the production of high molecular weight 
compounds in which two or more different monomer units 
alternate in the chain molecule. Such materials frequently have 
useful properties superior to those of polymers made from a single 
monomer. The technological importance of copolymers (syn- 
thetic rubbers, plastics, and fibers) has led during the last decade 
to a large amount of both experimental and theoretical work 
on the principles of copolymerization and its timely summary 
will be of great assistance to those working in this field. 

The book contains detailed discussions of the kinetics of 
copolymerization by the free radical mechanism, the factors 
influencing monomer reactivity, the behavior of diviny] mono- 
mers and the vulcanization of polymers obtained from them, 
copolymerization by ionic mechanism and the physical properties 
of copolymers. The treatment is much more complete than that 
of Mayo and Walling’s survey (Chemical Reviews, 1950) and it 
should be easier reading for those who have had little previous 
experience in this field. The authors are very scrupulous in 
presenting all views on controversial subjects in a fair and ob- 
jective manner. The extensive discussion of the estimation of 
errors in the calculation of monomer reactivity ratios is a useful 
reminder of the limitations imposed on the interpretation of 
experimental copolymerization data. A table listing monomer 
reactivity ratios for 275 monomer pairs is an invaluable reference. 

Different chapters were apparently written by different authors 
and this resulted in some repetition. The absence of any effect 
of the dielectric constant of the solvent medium on monomer 
reactivity ratios is accepted on page 68 as a valid argument 
against the derivation of the Alfrey-Price theory, while the argu- 
ment is refuted on page 114. 

The book is a valuable addition to the well-known “High 
Polymers” series and is to be recommended whole-heartedly 
to those engaged in industrial research and development of 
high polymers and those interested in academic studies of 
polymerization kinetics. 


HERBERT MORAWETZ 
Po.ytTecunic INSTITUTE OF BROOKLYN 
Brooxiyn, New York 
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POLAROGRAPHY 


Second completely revised and augmented edition. In Two Volumes. 


Volume ——_ PRINCIPLES, INSTRUMENTATION AND TECH- 
N 
438 pages, 150 illus., 27 tables. $9.00 


Volume II—INORGANIC AND ORGANIC POLAROGRAPHY, BIOLOGICAL 
APPLICATIONS, AMPEROMETRIC TITRATIONS. 
Ready Early Fall, 1952. 


By I. M. KOLTHOFF, Professor and Head of Division of Analytical Chemistry, Uni- 
versity of Minnesota, and JAMES J. LINGANE, Professor of Chemistry, Harvard 
University. 


The publication of the first edition of this book inaugurated a new era in polarography. 
Numerous new fields of application were introduced, and a deeper understanding of 
the theoretical fundamentals led to a more critical approach to experimental results. 
The literary output of this “polarographic movement” resulted in tripling of the pub- 
lished literature. It needed the superior guidance of I. M. Kolthoff and James J. Lingane, 
aided by Stanley Wawzonek in the field of organic polarography, to present again the 
wealth of material in a well-organized and integrated unit. Polarography will thus 
remain the definitive treatise for every one who must use this type of measurement in 
scientific and industrial investigations. 


MOLYBDENUM COMPOUNDS 


—Their Chemistry and Technology 
424 pages, 28 illus., 13 tables. $11.00 


By D. H. KILLEFFER, Chemical Consultant, and ARTHUR LINZ, Vice-President, 
Climax Molybdenum Company. With a special chapter on the Structural Chemistry 
of Molybdenum, by Linus Pauling. 


This volume, which emphasizes the great variety of applications of molybdenum com- 
pounds, contains a complete survey of pure and applied molybdenum chemistry. It 
includes a special annotated bibliography of the patent and technical literature dealing 
with molybdenum as a catalyst for inorganic and organic reactions. 


FIVE-MEMBERED HETEROCYCLIC COMPOUNDS WITH 
NITROGEN AND SULFUR OR NITROGEN, SULFUR, 
AND OXYGEN (EXCEPT THIAZOLE) 


” 416 pages, 4 illus., 72 tables. $14.00 {subscription price $12.60) 
By L. L. BAMBAS, Parke, Davis and Company. 


This is the fourth volume to appear in Weissberger’s series, The Chemistry of Hetero- 
cyclic Compounds, which is devoted to a modern detailed and comprehensive presenta- 
tion of heterocyclic chemistry. This monograph treats the thiadiazoles, the five- 
membered ring compounds with N, S and O, the isothiazoles—and their many derivatives 
and selenium analogs. All are compounds of great theoretical and practical importance. 


Write for our free 1952 catalog. 


Address your request te: CAT- INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue, New York 1, NV. Y. 
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the new WEIGHING 
FUNNEL 


for Speedy, Precise, Weighing 


ance pan. 


@ Our new 880-page catalog 
is available to laborato 
and purchasing personnel. 
Write for copy. 


MADE ONLY BY NYLAB! 


and Transfer of Samples without Loss 


Combination weighing vessel and funnel. ..material 
to be weighed is easily placed in both covered frent 
and open rear sections—made of thin-walled Kimble 
N-51A Borosilicate glass—light-weight for accurate 
weighing—flattened base provides stable rest on bal- 


Complete transfers necessary for quantitative analysis 
are effected by using a solvent to rinse the residue from 
the walls of the weighing vessel directly into the receiv- 
ing container; tapered conical tip is placed into neck of 
receiver and used as pouring spout—no loss whatever. 


Nylab Poly bottle 
rinsing Weighing 
Funnel sample 
into volumetric 
flask. 


Weighing on balance pan 


Catalog No. Approx. Diam. Approx. Length Price per Dozen | 
(Mm.) (Mm.) 

12803 15 40 9.00 
12804 25 65 10.50 
12805 38 100 13.50 | 


Orders must be in lots of one dozen of one size. 
6 dozen of same or assorted sizes. 


\ S 


10% Discount on sales of 


RELATIVE VALUES OF RETENTION OF 
S & S ANALYTICAL FILTER PAPERS 
Ash-Free Papers Other Grades 


+ 


w 


Shark Skin 


& 497 


White 
rse Crystals 


OD. 
7° 
604 & 404 
Gelatinous 
Black Ribbon 
410 


AMERICA’S FINEST A 


for purity and uniformity 
NALYTICAL FILTER PAPERS 


S & S Hardened Filter Papers— 
from the fastest to the most retentive 


The very rapid hardened grades 8 & S No. 410 and 589-1 
H are particularly suitable for the reprecipitation and 
filtration of the metallic hydroxides and: of bulky gela- 
tinous ppts. from sodium hydroxide media. The grades 
404 and 497 have found excellent application in the 
production of S & S tear-proof folded filters. No. 402 
is being used extensively in soil analyses. No. 576 is 
the standard grade for the filtration of serum, injection 
fluids, etc. The ash-free No. 507 possesses outstand- 
ing qualities in certain problems of chromatography. 


Write for samples and latest catalog No. 70-A. 


SCHLEICHER « SCHUELL CO. 


521 Washington St., Keene, New Hampshire 


ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
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Beckman Custom Instruments 


Beckman Instruments, Inc., has recently 
established a new Special Products Division 
which will be devoted primarily to the 
study and development of special instru- 
ments brought to it by industrial organiza- 
tions and educational institutions. Need 
for such a division has become increasingly 
apparent in recent years with the rapid 
advancements in instrumentation. Many 
such problems have been brought to the 


_ | Out-of the 


r Beckman organization for study and possi- 
ble development, but due to the large- 
Hand Calculator Because the Colormaster is highly scale nature of the normal Beckman Instru- 
‘ Pee stable after a warm-up of about one-half ment operations, it has been difficult to give 
A calculator has been designed which hour, it requires infrequent standardiza- adequate consideration to many of these 
rottle [combines the portability of a slide rule tion. Magnetic shielding is included to instrumentation problems — particularly 
hing [Bwith the speed and accuracy of a large permit measurement of colors where steel those requiring special production facili- 

a B desk calculator. Precision-made by Swiss panels may be used. The electrometer ties or development programs. 
MB watchmakers, it will add, subtract, multi- input impedance is about 6000 megohms. The newly-established Beckman Special 
ply, divide, give square roots, factors, and Two calibrated, highly stable white panels Products Division is a completely separate 

—— IB cubes, and is as easy to operate as a slide 


are furnished with the instrument. organization within the Beckman Instru- 


Doren HB ule, It carries to five decimal places and . 
totals to 99 billion. Figures can be | 
checked on 3 sets of dials. This 8-oz. 
“Curta” Calculator can be obtained from 

the Curta Calculator Co., 5543 South Ash- 
[Bland Ave., Chicago, Illinois. 


s of 
pitterential Colorimeter 


Manufacturers Engineering & Kquip- 
ment Corporation, Hatboro, Pennsyl- 
vania, announces the “Colormaster Dif- 
ferential Colorimeter,”’ a useful instrument 
for obtaining accurate color measurements 
of synthetic fibers, paints, liquid solutions, 
pigments, slurries—any substance, in 
y | fact, where color is an important factor. 

: According to the manufacturer a com- 
plete set of color measurements can be 
made with the Colormaster in less than 
thirty seconds. The new instrument has 
4 system sensitivity appreciably greater 
than the eye can discern, and is particu- 
larly useful for measuring differences 
between similar colors for process control 
applications, It is extremely simple to 
operate, and results are taken directly 


from an easy-to-read dial. NOW — YOU CAN BE SURE! | 
Che 

TYGON TUBING 


Don’t accept “just as goods”. Insist on the finest 
laboratory tubing made. Specify TYGON. Be sure 
you get TYGON. Look for the TYGON name and 
formulation number permanently branded on every 
foot of tubing you buy. 


Three color filters give approximations 
to the I.C.I. X, Y, and Z functions, and 
transmissions and reflections are measured 
directly. The linearity of the instrument 
is within approximately 0.2 per cent 
reflectance or transmission down to 10 
per cent; by standardizing on a known 


YOUR 


dark panel, the range can be extended far LABORATORY 

helow 10 per cent, with linearity within SUPPLY 
‘pproximately 0.02 percent. The dial can DEALER 

he read to 0.1 per cent, and hundredths 

of a per cent can be readily estimated. 

The dead zone (back-lash) does not exceed 

0.02 per cent reflectance or transmission, | THE UNITED STATES STONEWARE COMPANY . . . AKRON 9, OHIO . . . 3644 
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for Microscopy or Photomicrography 


with an 0 


PHOTOMICROGRAPHIC 


CAMERA 


ready for any visual or photomicrographic work. 
Just clamp microscope and illuminator to the 
AO Photomicrographic Camera base. A Special 
light-tight adapter and camera arm with fine 
adjustment positioning stop enable you to swing 
the camera away from the microscope and back 
without further adjustment. A binocular body _ 
can be used for extended observations and easily * 
replaced by a monocular body when you take | 
photomicrographs. The telescopic focusing eye- 
piece permits viewing moving specimens up to 
the instant the shutter is released. At a moment’s 


magnifier. 


35mm black and white or color shots to the 4” x 
5” unit for sharp photomicrographs suitable for 
technical journal reproduction. See your AO 
distributor or write Dept. G67, 


With this ideal permanent set-up you're instantly © %* 360° REVOLVING BODY— 
No revolving stage needed. 

* TAKES A 35MM FILM, 
4” x5” PLATES, CUT FILM, 
OR FILM PACK, 


* RUBBER VIBRATION 
ABSORBERS, 

* GROUND GLASS WITH 
TRANSPARENT STRIPS— 
For critical focusing by 


*% COMPENSATING LENS IN 
35MM CAMERA—Matches 
ij field to 4’’ x camera. 
notice you can switch from the camera back for | 4 MICROSCOPE AND 
ILLUMINATOR—May be 
clamped in any of 3 positions, 


American @ Optical 


INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 


A new monochromator is now of- 
fered which eliminates the elaborate 
paraphernalia of are light and prism 
spectroscope to secure monochro- 
matic light. The new monochromator 
employs an ordinary tungsten light 
source and uses the rotary power of 
quartz. It will be welcomed for ni- 
croscopy and other purposes which 
require monochromatic light. 

Not only does the monochromator 
represent simplified equipment but 
it gives an increased intensity of 
light as well. Collimated light from 
a tungsten filament lamp will yield 
adequate illumination at all wave 
lengths because of the large aperture 
available — a full inch. 

In this quartz monochromator, 
white light from the tungsten source 
is passed through basal sections of 
optical quartz laminated to polaroid 
sheets. By a synchronous rotation of 
the quartz sections, the wave lengths 
of the transmitted light can be varied 
continuously through the visible 
spectrum. The instrument produces 
an average band width of 150 Ang- 
strom units. A built-in adjustable 
support is provided for tilting the de 
vice in line with the light source and 
the microscope or other apparatus 
to be used. 

The prism spectroscope uses 4 
space-taking, cumbersome, carbon 
are light source. It requires direct 
current and a mechanism to keep car- 
bon points in adjustment. Light pass- 
ing through prism yields as little as 
-5% beam on slide. 

The new quartz monochromator 
uses ordinary inexpensive tungsten 
filament lamp as light source. No 
maintenance is necessary — bulbs 
are changed quickly and easily. 

For prices and delivery of the 
monochromator, write Cambridge 
Thermionie Corporation, 476 Con 
cord Ave., Cambridge 38, Mass. 
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ment operations, and is located in its 
own modern plant, with complete develop- 
ment and production facilities particularly 
designed for the manufacturing and testing 
of custom-built instruments. At the 
game time, the full experience and ‘“‘know- 
how” of the Beckman organization in 
advanced electronics and modern instru- 
ment design will be at the disposal of the 
new division, thus combining the valuable 
Beckman experience and facilities in 
large-scale instrument production with 
the versatility and individual attention 
characteristic of a small centralized group. 

Special instruments already in produc- 
tion by this division include a phase 
equilibrium computer developed by one 
of the nation’s large oil companies, an 
automatic titrator for moisture deter- 
mination developed by a leading pharma- 
ceutical concern, an electrophoresis con- 
yection apparatus of interest to the field 
of biochemistry, Analogue Computer equip- 
ment for aircraft companies, and other 
special-purpose instruments. 

Any firm or institution with special 
instrumentation problems, or with partially 
developed instrument designs, or with 
completed prototype instruments already 
designed and constructed, may secure 
complete information on this new service 
by writing Special Products Division, 
Beckman Instruments, South Pasadena 
36, California. 


New Labeling Tape 


A new smudge-proof pressure-sensitive 
labeling tape designed for labeling slides, 
bottles, test tubes, beakers, and other 
laboratory equipment is announced by 
the TapeMark Co., 321 Cedar Street, 
St. Paul, Minn. 

The tape’s unique writing surface— 
located beneath a protective covering of 
transparent acetate film tape—perma- 
nently reproduces any message. A stylus, 
or dry ball-point pen, or pencil can- be 
used to inscribe the message. 

Prices and additional details may be 
had from the TapeMark Co. 
Commercial Chemicals 

The Matheson Company, Ine. has just 
announced the publication of a new 
catalogue, entitled Commercial Chemicals 
List #1. The list includes 189 of the better 
known chemicals which are offered in 5 
gallon units. This new line bridges the 
gap between 55 gallon drums available 
from all manufacturers and Matheson’s 
own line of Fine Organic Chemicals in 
small put-ups. 

Working in close conjunction with the 
basic manufacturers, Matheson lists the 
name of the manufacturer along - with 
the manufacturer’s own specifications. 
Prompted by requests of both consumers 
and manufacturers to supply chemicals in 
5gallon containers from their bulk organic 
stock, Matheson was already shipping 
many of these containers prior to publica- 
tion of this price list. Rather than re- 
quire consumers to pay the expense of the 
testing and purification of some of these 
basic solvents and intermediates Mathe- 
son furnishes these industrial materials 
48 received from the suppliers. 

Copies of the catalogue may be had by 
writing The Matheson Company, Inc., 
East Rutherford, New Jersey. 


New Literature 


A new bulletin on Eberbach air pres- 
sure or vacuum pumps designed for labora- 
tory applications has been published by 
Eberbach Corporation, Ann Arbor, Michi- 
gan. Available upon request, this attrac- 
tive bulletin gives complete performance 
and size specifications, suggested uses and 
illustrated descriptions . 

A six-page bulletin describing and illus- 
trating the complete line of Labline 
sectional laboratory furniture is now 
available from Labline, Inc., 217 N. 
Desplaines, Chicago 6, Illinois. The 
folder explains the Labline system which 
uses 17 basic standardized metal units to 
give the service and appearance of custom- 
built furniture. 


Constant Temperature Equipment 
Catalogue 


A new 112-page catalogue on constant 
temperature equipment has just been 
published by the Electric Hotpack Co., 
Inc., 5097 Cottman Avenue, Philadelphia 
35, Pennsylvania. The catalogue _illus- 
trates and describes the entire line of test 
and measuring equipment for laboratory 
and production use. It covers all types 
of baths for water, oil and Hi-Lo tempera- 
ture, sterilizers, ovens, both mechanical 
and gravity, bacteriological incubators, 
dry and humidified, electric furnaces and 
portable constant temperature rooms, in 
addition’ to temperature and humidity 
conversion tables. Copies are available 
on request to the company. 


WHEN 


YOUR SCHOOL LABORATORY 


will benefit substantially from these 


SUPERIOR FEATURES OF METALAB EQUIPMENT 


@ Exclusive 7-point “Metcote” Protection of materials. 

@ Double wall construction and touch operated drawers. 

@ Interlocked joints are both spot and electronic arc welded. 
@ Fireproof, waterproof, corrosion-resistant, sanitary, rugged. 


Though designed for schools, this equipment is of the same high 
quality as that used in many of the finest industrial laboratories. 


PLANNING 


TA LA offers you 


the 


Let Metalab advise you on | 
¢ How to plan your Laboratory for greater efficiency. 
¢ How Interchangeable Sectional Units are used. 
* How to get the most for your laboratory budget. 
Our new modern plant is geared to give you the close 
cooperation and rapid service you require. 
: Rush your problems to us today! 
for ourcomplete catalog on Laboratory Furniture and Equipment. 


tn 


LABORATORY EQUIPMENT 


WITHIN YOUR BUDGET 


LABORATORY FURNITURE 
and EQUIPMENT by 


TALASB 


240 DUFFY AVE., HICKSVILLE, L.I., N.Y. 
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CELLULOSE 
POWDER 


for Chromatography 


The manufacturers of WHATMAN 
Filter papers now offer ashless cellu- 
lose powder for column chromatog- 


raphy. 


This cellulose powder has certain 
definite advantages over starch, alu- 
mina and other powders in the 
chromatographic separation of vita- 


mins, carotenoids, amino acids, etc. 


You can obtain WHATMAN Cellu- 
lose Powder from your usual dealer 


in laboratory supplies. 


If you would like samples and fur- 
ther information please write direct 


to us. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


L 


KLETT SCIENTIFIC PRODUCT 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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CH, 


Poor but pure... 


d-y-Tocopherol (Eastman 6685) is 
one compound on which our func- 
tion has been considerably more 
than to prepare and stock it for a few 
interested investigators. In point of 
fact, there are few items on our list 
that we have studied more intensive- 
ly than the tocopherols, for DPi is 
a tonnage supplier of vitamin E in 
bulk to pharmaceutical and feedstuff 
manufacturers. Years ago, our bio- 
logical laboratories confirmed that 
the y-homolog, which has an H on 
the first ring where a-tocopherol has 
a CH;, is a poor relation of the a, as 
far as its biological performance as 
vitamin E goes. The abundance ratio 
ofa to y varies widely, being high in 
cottonseed oil, for example, and low 
in soybean oil. Eastman 6685 is 
straight +, purified through a crys- 
talline derivative for use as a biolog- 
ical and chemical standard. (As for 
the potent a, our vitamin sales de- 
partment is just announcing to our 
drug-manufacturing customers the 
first commercial quantities of crys- 
tallized d-a-tocopheryl acetate. In 
laboratory quantity, specially pre- 
pared as a chemical and biological 
standard, it’s Eastman 6679.) 
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To recover from an adduct... 


a-Phellandrene (Eastman P6406) 
will irreversibly remove maleic an- 
hydride from a diene adduct. Say 
you wish to isolate menthofuran 
from a mixture like peppermint oil. 
You can condense maleic anhydride 
with the menthofuran in a Diels- 
Alder reaction and easily isolate the 
condensation product, then use the 
a-Phellandrene to release the men- 
thofuran because it has more affinity 
for maleic anhydride. All this is re- 
ported in J.A.C.S. (72, 5313, 1950). 
We have a fair supply of a-Phellan- 
drene on hand, and shall be glad to 
send you an abstract of the proce- 
dure described. 


Incidentally, in Vol. 24, No. 2, of 
our publication, “Organic Chemical 
Bulletin,’ there’s an interesting 
roundup on analytical techniques 
with the potent complexing reagent 
Ethylenediaminetetracetic Acid 
(Eastman P5416). Drop us a line 
and we'll put you on our mailing list 
for the Bulletin starting with this 
issue. No obligation, of course. 


Eastman Organic Chemicals 


For the age of polymers... 


a,a'-Azodi-iso-butyronitrile (Eastman 
6400) is a compound perhaps worth 
considering when you are having 
difficulty in polymerizing an unsat- 
urated acid. We know little of its 
potentialities beyond the fact that 
Roger Adams e¢ al found it would 
polymerize a-acetamidoacrylic acid 
when ultraviolet light, benzoyl per- 
oxide, etc. had failed (J.A.C.S., 72, 
5080, 1950). We also suspect that 
there is still a certain amount of 
wealth and fame that can be expected 
by the chemist who works out a 
good new polymer from some ob- 
scure unsaturated acid—maybe a 
polymer that makes better golf balls 
or grommets. 


These are but three of the more 
than 3500 organic chemicals readily 
available from Distillation Products 
Industries, Eastman Organic Chemi- 
cals Department, 613 Ridge Road 
West, Rochester 3, N. Y. (Division 
of Eastman Kodak Company). 


for science and industry 


Also...vitamins A and E...distilled monoglycerides... high vacuum equipment 
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ALUMINA 


MORTAR ano PESTLE 


Catalog No. 524 
* 


MADE OF 
ALUMINUM OXIDE 


@EASY TO GRIP 


|@HARDNESS OF 9 
(Moh’s Scale) 


@COMPLETELY 

VITRIFIED AND 

NON-POROUS 

@POLISHED 

~ GRINDING, 
SURFACES 


CROSS SECTION: 
Showing rubber ring inset in base... 


The exclusive Non-Skid Feature 
which prevents slipping and 
also prevents marring of furniture tops 


Coors PORCELAIN COMPANY 
COLDEN, COLORADO 


To: OUR CUSTOMERS—present and future 
From: AMEND—The Best Source 


We have the ‘Know How to give you the best service. 
Send your order to us for complete filling. 


M.S. C. 
(Mass Spectrometer Checked) 


ERRARE GASES 
NEON ARGON = KRYPTON XENON 


LINDE here Gases ore mass spectrometer checked to 
assure you gases of known Gnd uniformly high 
quolity. Available in’ nr -size and 
glass bulbs. 
Linpe, the world’s largest producers of gases decived™ 
from the atmosphere, can meet your individual needs 
of purity... volume ... mixtures... containers... 


AIR PRODUCTS COMPANY 


& DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [9 New York 17, N.Y. 
in Canade: Dominion Oxygen Company, ert 


Memo 


for the Unusual Chemicals 


LABORATORY CHEMICALS 


Alkaloids Dehydrating 
Bacto Media Agents 
Balsams Dyes 
Botanicals Elixirs 
Cements Enzymes 
Extracts 


117-119 East 24th Street 


For efficient service—specify 


AMEND DRUG & CHEMICAL Co., INC. 


Gums Starches 
Metals Sugars 

Oils Test Papers 
Resins Tinctures 
Resinates Waxes 
Solvents 


New York 10, N. Y. 


— i 
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CRUCIBLE TONGS 


A Sure Grip— 
with 
Jaws of Steel! 


Truly a heavy duty pair of tongs but far superior to the 
usual roughly made type used for the handling of assay 
crucibles. Fabricated from °/i¢ inch diameter steel 
rod, polished and heavily nickel-plated, these 20 inch 
long tongs are capable of holding large size crucibles; 
from 11/2 inch diameter up. The tight-fitting corrugated 
tips are suitable for handling dishes in deep muffle 
furnaces. With flattened joint, where securely riveted, 
and ample finger grips these tongs are an indispensable 
addition to every laboratory. 


Boekel Catalog 
Number 1649 


i Quality Laboratory Equipment for over a Half Century 


Wim. Boekel & Co.. Ine. 


Brooxrieip 


SYNCHRO-LECTRIC 


Solves ALL Viscosity Problems 


Compact, rugged, portable . . . extremely accurate, 
high speed determinations. Precision is assured for 


the life of the instrument. Easy operation, minimum 


maintenance. Three basic models available with 
ranges to 32,000,000 centiposes. 


WRITE TODAY FOR DETAILED LITERATURE 


+ you are located in the New York area, phone 
CO: 7-0075 for a demonstration. No obligation. 


PRMMAGAMMENE 81 Reade Street, New York 7, N. Y. 
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for Viscosity” headaches 
Fast cure for Viscosify headaches 
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@ AUTOCLAVES 
@ OVENS 


LABORATORY 


EQUIPMENT 
AND 


For the industrial, chemical, 
medical and research lebore- 
tories of America who have 
made our growth and expan- 


@ STERILIZERS 

@ INCUBATORS 

@ BATHS 

@ ANIMAL CAGES 

@ WATER HEATERS 

@ HUMIDITY CABINETS 


sion possible. 


Acme have been de- 
signers and manufac- 
turers of fine equip- 
ment and apparatus 
for more than 25 years. 


Alll inquiries for new and special equip- 
ment are welcomed and will be given 
prompt attention by our engineering 
department. 


WRITE FOR COMPLETE CATALOG TO DEPT. S 


ACME LABORATORY EQUIPMENT CO. 
New York 27, N. Y. 


Al 506 West 124th St. 


stock at the present time. 


TITLE AND AUTHOR 


The Use of Light Scattering for Determining Particle 

+ sa ag Molecular Weight and Shape. Max 
n 

A Quaker View of the Secondary School Chemistry 
Course, Dorothy W. Gifford 

John Frederic Daniell, Thomas O. Sistrunk 

Chemical Propellants, S. S. Penner 

The Present State of the Chemical Structural 
Theory, Irving S. Bengelsdorf 

The Department of Chemistry of the University of 
Southern California, K. J. Mysels 

The Chemotherapy of Tuberculosis, H. Herbert Fox 

A Simple Preparation of Primary-Standard Sodium 
Chloride, Louis Meites 

Laboratory Synthesis in General Freshman Chem- 
istry, Henry F. Holtzclaw, Jr. 

Chemical Education in Santa Barbara College of 

the University of California, John W. Sutton 25¢ 


PRICE 


For the enclosed remittance please send me the following re- 
prints, carrying charges prepaid: 
No. Quantity No. Quantity No. 


Quantity 


Chemical 


The familiar C & B trademark is your assurance 
that the product carrying this mark 


(1) has been manufactured to meet the standards 
and specifications stated upon the label 


(2) has passed our specifications prior to packaging 
and has been rechecked after packaging 


(3) is backed by an organization which, for over 
thirty years, has had as its primary aim the produc- 
tion of Laboratory Reagents of the highest purity. 


C&B Products ag distributed by Laborato 
Physician Supply Houses Throughout the me 


Write for copy of our catalog 


THE COLEMAN & BELL CO., Inc., 
Manufacturing Chemists : Norwood, Ohio, U.S.A. 


COLEMAN ¢ BELL)y 


-WORTHWHILE reprints 


Following is a list of reprints of articles from the JOURNAL OF CHEMICAL EDUCATION in 


810 


811 
812 


813 
814 


Because supplies are limited, please state second choice. 

Consulting Chemistry As an Example of Industrial 

Research, Cornelia T. Sne 25¢ 
Allotropic Bromine, E. G. Rochow, and Ira Kukin 25¢ 
The Periodic Table: The 6d-5f Mixed Transition 

Group, Charles D. Coryell 25¢ 
The Early Days of Chemistry at the University of 

Wisconsin, A. J. Ihde and H. A. Schuette 25¢ 
Physics and Chemistry for General Education, 

K. M. Simpson and J. W. Sutton 25¢ 
Subject Matter Versus Student—Is It? Joel H. 

Hildebrand 25¢ 
Acid-Base Titration Curves, James M. Hendel 25¢ 
Enzymes, The Basis of Life, James B. Sumner 25¢ 
The Use of Punched Cards in the Teaching of Quali- 

tative Organic Analysis, J. W. Green 25¢ 
The Muspratts and The Gambles—Pioneers in 

England's Alkali Desmond Reilly 25¢ 
Jean Baptiste Andre Dumas, Jane Woodward Also- 

brook 25¢ 
Laboratory Manual of Elementary Organic Chem- 

istry, rge Holmes Richter 25¢ 
Stabilization of Oxidation States Through Coordina- 

tion, B. E. Douglas 25¢ 
A Literature Search Assignment, Robert B. Dean 10¢ 
Coulomb's Law and the Qualitative Interpretation 

of Reaction Rates, Edward S. Amis 25¢ 
Quantitative Paper Chromatography for Students, 

A. R. Patton 10¢ 
John Fredrik Eykman—A Physical Chemist, H. S. 

Van Klooster 25 ¢ 
A Comparison of Criteria for the Rejection of Meas- 

urements, “4 J. Blaedel, V. W. Meloche, and 

J. A. Ramsa 25¢ 
Electrolysis ‘with Controlled Cathode Potentials, 

Duncan G. Foster 25¢ 
Gallium, G. H. Wagner and W. H. Gitzen 25¢ 
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thylene; Acetonedicarboxylic Acid; 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate; 
Adonidine; Alanylglycine; Alkaloids; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; |-Argininamide; 
e-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery! Alcohol; a-Chloralose; 8-Chloralose 
phonic Acid; p-Chloromercuribenzoate Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyacetone Phosphate; Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Equilenin; Equilin; Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; lsocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucyiglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 

3 BM topropioni cid; M line Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 6-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; WNaphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Osmic Acid; Para- 


Nordihydroguaiaretic Acid; 
benic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; 0-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; §8-Tocopherol; 

Tocopherol; herol Phosphate; +-Tocopherol Ph 
Trigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone PLaza 7-6317 
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Bechman 


MODEL pH METER 


A compact highly accurate pH meter, featur- 
ing full A.C. operation. Built throughout to 
the high Beckman standard of quality, con- 
venience and dependability. 


@ Full vision panel 
@ Convenient electrode connections 


‘Compact, complete ready to plug into any 


110 volt A.C. line. 
Write for Bulletin No. 170-A for complete 
information. 


THE RUPP and BOWMAN COMPARY 


SCIENTIFIC APPARATUS DEPARTMENT 


315-319 SUPERIOR STREET, 
TOLEDO 3, OHIO 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


HAZE CHEMISTRY 
IS MAKING MONEY 


Seven Electric Generating Plants meas- 
ure Calcium... in 0 to 0.5 PPM range 
. -- onhigh pressure boiler feed Waters 
® Distilleries measure Clarity of filtrate, 
saving 70% in filtering costs. One dis- 
tiller reports “...saved cost of your 
Nepho-Colorimeter FIRST day we had 
it.” @ Positive readings of Sulfur in Coke 
and water... guarantee uniform pro- 
duction in 5 plants. 


® Calcium and Sulfur in urine are meas- 
ured in 15 minutes... instead of days 
® Bio-chemists measure bacterial growths 
fast... detect growth of micro-organ- 
isms in sterilized serum in minutes ® All 
A.S.T.M,. and A.P.H.A. Turbidity Readings 
are made WITHOUT repeated prepara- 
tion of A.P.H.A. Standards. 

Why don't you investigate ... write for 
WACO CATALYST and HAZE CHEMISTRY 
Bulletins, JC-7 ® This NEW Nephelom- 
etry is MAKING MONEY IN MANY 
DIVERSIFIED FIELDS. ... 


WILKENS - ANDERSON COMPANY 


4525 W. Division St. Chicago 51, Ill. 


Professors of Chemical 
Professor of Metallurgy 


The Hebrew Institute of Lag prensa Haifa, 
Israel, proposes to appoint 2 professors of 
chemical engineering and one professor of 
metallurgy. 


Applicants should have first-rate professional 
and academic qualifications, be willing to in- 
tegrate themselves into the life of the country 
and, in due course, to teach in Hebrew. 


Applications with full details should be sent, 
for transmission to Haifa, to: 
THE AMERICAN TECHNION SOCIETY 
80 FIFTH AVENUE 


NEW YORK 11, NEW YORK 


NEW! 
* REFERENCE SETS 
For Microscopical Studies in 


Mineralogy and Petrology 
Write for Leaflet RA-JCE 


R. P. CARGILLE 


Dibenzanthracene Endosuccinic Acid 
Methylcholanthrene Endosuccinic Acid 
Other Carcinogenic Hydrocarbons & 
Derivatives Available 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


non-coal tar origin 
2, 6-DIHYDROXY-ISONICOTINIC ACID 
pharmaceutical intermediate 
HEIFETZ & COMPANY 
7425 Sunset Bivd. 
Los Angeles 46, Calif. 


Batyl Alcohol, Chimyl Alcohol 
Salachyl Alcohol 
Cholestenone, Cholestanol 
Isonicotinic Acid Hydrazide 


KING COLE CHEMICALS, INC. 
Box 1546 Huntington, W. Va. 


in a wide range of capacities 
and multiple neck sizes in 
Standard Taper and Spherical 
Joints. 


For Data—Write Dept. TNF-C 


ACE GLASS INC 
VINELAND @ NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


COME TO “THE KJELDAHL PEOPLE”. . 


. when you | modern Kjeldahl apparatus for 
your ur laborato por large or small. ‘“Labconco” 
jeldahl is available - 6—96 flask capacities with 


gas or electric heat. Separate ~ and dis- 
tillation units; combination decked units. ‘‘Lab- 
conco” has been the “by-word" in Kjeldahl 
apparatus for more than 20 years, now in service in 
e laboratories of Procter & Gamble, General 
Mills, DuPont, General Foods, etc 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 
LABORATORY CONSTRUCTION CO. 
1113 Holmes Street e Kansas City, Mo. 


ACID PROOF SINKS 


weil Made in one seam. 


less, jointless piece 
of Knight-Ware acid 
proof stoneware. Each sink custom built to 
individual requirements. Write for Bulletin 
No. 12-Y KNIGHT-WARE. 


Maurice A. Knight 


207 Kelly Ave. Dept.A = Akron 9,0, 


POLARIMETER TUBES. 

and ACCESSORIES for 

GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 

CONTINUOUS FLOW 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT12. 


0.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N.J. 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 
Unnatural Amino Acids 
Biochemicals 


Enzymes and Coenzymes 


Heterocyclic Compounds 


Imines and Amines 


Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


GUS Ine 


17 West 60th St., New York 23, N.Y. 
Plara 7-817) 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 
Ypsilanti, Michigan 
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for International Clinical Model Centrifuge 


OW you can SWing twelve 15 ml. Centri- 
N fuge tubes or twelve blood serum tubes 


16 mm. x 100 mm. or smaller in your Inter- 
national Clinica] Model. 


style head, Catalog No. 80: 
national Clinica] Model no 
has 12 drilled holes to acco 
15 ml. glass tubes in Metal 
or 12 blood serum tubes j 


The new angle 


9, fits any Inter- 


W in service and 
mmodate twelve 
Shields No. 302 
n Metal Shields 


of the No. 809 
head on alternating current 3770 r.p.m., 


1790 x g. Prices: No. 809 Head __ $33.90; 
No. 302 or No. 303 Shields _ - each $1.05. 


Obtainable now from your Laboratory 
Apparatus Supply Dealer. 


No. 303. Maximum speed 


in wide variety — 
ination possibilities 
1 


cecessorie 
b 
ry com 
jnuous filtrations: 
nti tube- carrying 


Interchangeable 
32 different acce 


for co 


s A 
Basket style conventional 
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interchangeable 1. angle 
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heads + example, 4 pla ting current. 
Higher speeds; n alterna 
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head 430 


eee rs of specialization 
yea 


ONAL EQU 


35, 
OSTON 
RS FIELD ROAD: 
Y LDIE 


i -1952 
Send for Bulletin CHC 


Ks 
seam. 
Piece 
eacid 
vilt to 
ulletin 
9,0, 
— 
| 
yt : 
| / . 
Y 
rf, \ \ 
4 
° Advantages offered only by the 
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~ Guaranteed by 
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Instructor or student, you'll find many uses for this 
convenient version of the popular Fisher Simplified 
Periodic Chart. Slip it in your notebook for ready 
reference during lecture preparation or study. Mount 
it on top of your desk where use of a wall chart 
is impractical. 


As with the larger Fisher charts, the notebook size 
includes basic information suggested by chemistry 
staffs of leading universities and colleges. It gives 
atomic numbers (printed in red) and the orbital 
electron distributions for the noble gas elements. 
Metals are separated from non-metals. Group “A” 


Fisher Wall Charts Also Available: 
Lecture-Size, 52” x 76”, 2 colors, 
heavy varnished stock, wooden strips 
top and bottom, $9.75 each; Office- 
Size, 222" x 32”, metal strips top 
and bottom, hanging eyelets, $3.00 
each ($2.75 each in lots of 12). 


elements are separated from “B” elements. Lan- 
thanum and Actinium series, including elements 97 
and 98, are distinctly separated from all other elements. 


The reverse side of the chart carries an electro- 
motive force table of the elements, with respective 
ions; and a four-place logarithm table. 


Printed on sturdy 81%4” x 11” white stock, and 
punched for standard three-ring binder, Fisher Note- 
book-Size Periodic Charts ‘are available for only $4.50 
per pack of 100. Order yours today! (A free sample 
is available to instructors on request. Ask for it!) 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies at PITTSBURGH, NEW YORK, ST. LOUIS, WASH- 
INGTON, MONTREAL and TORONTO. For more information write: 
Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pennsylvania. 


FISHER QF} SCIENTIFIC 


"s Largest Manufacturer-Distributor of Laboratory Appli and Reagent Chemicals 
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